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I. INTRODUCTION 

Location of Property 
The proposed project consists of three (3) undeveloped parcels in the County of San Bernadino, California 

in the Town of Apple Valley at the Northwest corner of the intersection of Navajo Road and Johnson 

Road.  The land area is 20.54 acres consisting of Assessor’s Parcel Numbers (APN) 0463-213-26, 27, and 

28.  See the adjacent figure, Exhibit A for Location Map and Exhibit B for Land Use Map.   

 

The three undeveloped lots have improved access on the south along Johnson Road, unimproved access 

along Navajo Road on the east; and vacant land abutting the west and north sides of the site.    

Project Description 
After the dedication of 2.34 acres to street right-of-way, the 

remaining 18.20-acre site is proposed to be developed as one 

(1) parcel with an approximately 410,000 square foot 

industrial building with associated truck docks and truck and 

vehicle parking on it.  There is limited landscaping proposed 

for the site.  

Purpose and Scope  
The purpose of this study is to analyze the combined on-site 

and off-site flows for the existing and developed conditions in 

order to obtain the differential volume need to be stored such 

that only historical volumes of storm water are released to the 

dry lakebed.  The differential storm water volume will be 

retained on site and infiltrated into the ground water basin. 

Building PADS will be elevated such that a 1-foot elevation 

above the neighboring flood water surface elevation to protect the property from flood and storm water 

damages.  

Methodology 
This study is based on the San Bernardino County Hydrology Manual, Detention Basin Design Criteria for 

San Bernardino and the April 6, 2010, Addendum that addresses the Antecedent Moisture Condition 

(AMC) for arid regions of the County, and CivilDesign Rational Method and Unit Hydrograph Software to 

model the storm channel flows.  

 

The following criteria were used to calculate the flows: 

1. Current land use:      Vacant Land 

2. Proportion Impervious:     Pre-Developed: 10%.  

Post-Developed: 15% 

3. Intended Use:       Industrial Building and Truck/Employee Parking 

4. Soil Type:     Hydrologic Soil Group A, C, & D 

5. NOAA 14 Precipitation Frequency:  100-year 1-hour=1.08 inches  

100-year 6-hour=2.01 inches  
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100-year 24-hour=3.43 inches  

6. San Bernadino County Hydrology Manual Unit Hydrograph Method  

   

Floodplain Information 

The project site is located inside of the Federal Emergency Management Agency (FEMA) Flood Insurance 

Rate Map Panel 06071C5830H effective August 28, 2008. This panel indicates that the site is located 

within Zone D, defined by FEMA as “Area with Flood Risk Due to Levee.”  (See Appendix A, Exhibit E) for 

San Bernardino County.  

 

II. OFF-SITE HYDROLOGY 

Off-Site Drainage Description 

The off-site area that 

contributes drainage to this site 

consists of approximately 1956 

acres and extends to the north 

and northeast of the site.  The 

land is undeveloped, relatively 

flat at the lower elevations, and 

steep and rocky at the upper 

elevations. Vegetation consists 

of fair coverage of sage brush 

and annual plants.   

 

Pre-Developed Off-Site Hydrology  

As shown on the exhibit F the off site watershed has a 

1956-acre tributary area with a total flow length of 5.97 

miles and a centroid located 3.32 miles up from the 

lowest point in the watershed being the southwest 

corner of the property.  A Lag calculation was performed 

resulting in a lag of 0.91 which was entered into the San 

Bernardino County Hydrology Manual and CivilDesign 

Unit Hydrograph Software program resulting in an 

overall peak storm flow of 1680.56 CFS. with an 

associated volume of 433 acre-feet of storm water.   

 

 Pre-Developed Off-Site Hydraulics 

Although the off-site watershed lies within the Town of Apple Valley Dry Lake watershed draining south 

to the dry lakebed, its northern border is the division line between the Dry Lake watershed and the 

Mojave River Watershed.  As the storm flows build from the northeast, the storm flows will become 

larger and larger until they exceed the capacity of the natural channels within the off-site watershed 
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boundary and sheet flow to the north into the Mojave River watershed channels that have much greater 

capacity to retain these flows.   

This is pronounced at Sections A-A and B-B (see Exhibit I) where the tributary watershed within the dry 

lakebed watershed necks down to a narrow channel area with a limiting capacity of 521 cfs for channels 

1-3 per Section A-A below. 

 

  

However, channel area 4, which is the Mojave River 

Watershed, has a limited capacity of 6,340 cfs.  (See Exhibit 

I for Mannings calculations) 

 

The 521 cfs portion of the flow that is tributary the project site will continue flowing southwest  and 

confluence with the 30.4 acres tributary to the westerly property line.  

Pre-Developed Off-Site Hydrology South of Section A-A 

As shown on Exhibit G & Exhibit I and limitations associated with Section A-A above, only 521 cfs is 

passing through of 1681 cfs tributary to the site. Since 521 cfs is 31% of the total 1681 cfs, the volume 

would be 31% of the total volume of 433 acre feet, which is 134.23 acre feet. This flow will remain 

constant for the pre and post developed conditions.  

As stated previously, the 521 cfs flow directed toward the project will remain constant before and after 

development. The portion of the watershed after section A-A covers 85.83 acres, including our site. The 

comparison of this 85.83 acres was performed using the San Bernardino County unit hydrograph method. 

The soils of this area consists of 2 types: Cajon-Arizo Complex and Helendale-Bryman Loamy Sands. The 

Cajon-Arizo complex is a Group A type soil with a CN value of 46 representing 19.48 acres. The remaining 

66.35 acres of Helendale-Bryman Loamy Sands are a mix of 60% Group A and 40% Group C which equals 

39.81 acres of Group A and 26.54 acres of group C. Total Group A soil equals 59.29 acres or 69% with the 

remainder being Group C soil. The longest flow path is 4521 ft., with an elevation change of 59 ft. The 

length to the centroid is 2124 ft. 

Pre Developed Hydraulics South Section A-A 

At this point it was determined that an additional 167.76 cfs (see exhibit H) would add on as the flows 

travel to the southwest corner of the site for a total of 688.76 cfs as and an additional volume 

associated with this flow is 12.93 acre feet for a total of (134.23 +12.93=) 147.16 ac-ft 
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The tributary 85.83 watershed South of section A-A is comprised of two off-site watersheds along the 

north boundary and the east boundary along with the remaining on-site acreage.  

Table 1 

Tibutary Water Shed South A-A 
North A-

A Total Trib Flow 

  AC %AC Q-cfs Q-cfs Q-cfs 

  85.83 100% 167.76 521 688.76 

On-Site 20.54 24% 40.15 0 40.15 

Northern PL 34.89 41% 68.19 0 68.19 

Eastern PL 30.4 35% 59.42 521 580.42 

 

 Table 1 above shows the acreage for the individual watersheds along with their percentage of the 

overall 167.76 CFS flows. The 521 cfs watershed north of section A-A  flows combined only with the 

“Eastern Pl” 30.4 acre 59.42 cfs flows for a total 580 cfs influencing the easterly boundary  

Post-Developed Hydrology 

When considering a volume-based reduction associated with the dry lakebed, the change in volume is 

subject to the change in Ap (pervious Area).  Thus, a conservative approach would be to assume the 

whole site is effectively impervious. Considering that the entire 20-acre site becomes impervious is the 

same as assuming the Ap is zero for the site which then makes the CN value for the site 98. The on-site 

20.54 acres represents 24% of the 85.83-acre watershed which means that 76% of the watershed could 

be considered pervious. 

Using this information, a second unit hydrograph was run to determine the increased flows and volume 

associated with development. The report indicated that the peak cfs would increase to 172.26 cfs and 

the volume would increase to 14.46 acre feet. Adjusting the predeveloped volume to 90% 

(12.93*0.9=11.64) results in a target volume of 11.64 acre feet. Subtract this from the post developed 

volume of 14.46 acre feet (14.46-11.64=2.82), shows that 2.82 acre feet needs to be retained and 

infiltrated on site to mitigate the volume change going to the dry lakebed. 

 

Post-Developed Hydraulics 

The neighboring property to the east will be graded to channelize the 580.42 cfs storm flows and convey 

them south to the Johnson Road where they are directed west within a combined road and side channel 

conveyance system around the south side of the building and street section and released into the historic 

natural drainage conveyance west of the project site.   

The northerly 68 cfs tributary flows that impact the northern property line will be collected in a channel 

system between the parking and the northern property line as detailed in Sections A-A through C-C 

shown below. Exhibit J provides a Mannings calculation showing that the proposed channel can capture 

the 68 cfs OF off-site flows and convey them west at a depth of 1.68 feet. Since the channel is receiving 

water its whole length, the size of the channel can vary in with from the 5 ft. at the west end to 2.5 ft at 

the easterly end. The west end is designed to carry the full 68 cfs whereas the channel at the east end is 
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designed to capture 40% of the flow with the same depth. These flows will empty into the retention basin 

along the west property line which is sized to retain 2 acre feet of the 5.26 acre feet (12.93*41% = 5.26) 

associated with the northern flows.   

 

 

Infiltration Basin Sizing of Off-Site Flows. 

To meet the infiltration requirements, 2 basins have been utilized.  One along the western property line 

533-ft long with a cross-sectional area of 163.5 square feet. The other basin along Johnson Road utilizes 

a sharp crested weir configuration to create a drop structure that will hold back a portion of the 

channelized flows. The channel area at depth “P” will be utilized as an infiltration basin. The holding 

capacity for the 2 basins consists of the following: 

 Johnson Road Basin:    0.82 AF 

 Western PL Basin:   2.0 AF 

  Total:    2.82 AF 

The sharp crested weir calculation is based on “Kindsvater-Carter Method”  Equation: 

 Q=CeLeHe^1.5 

 Le=L+kb  L=25  B=31  kb=0.0145 

 He= H+kh  P=4.25    H=3.4  kh= 0.003 

 Ce=3.7 

Where:   

 

  

 

 

 

 

 

The use of this equation resulted in a Q of 581 at the western weir when L= 25. The total 2.82 af is greater 

than the 0.86 af required under the WQMP study performed at the end of this report. 
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On-Site Post Developed Hydrology 

As previously determined the predeveloped regional flows below Section-A are 167.76 CFS, of which per 

table 1, the on-site 20-acre developed  40.15 cfs which is consistent with the high desert in general.  The 

post developed hydrology for the same area determined the flows to be 172.26 cfs.   The (172.26-

167.76=) 4.5 cfs results from the develop of the site.  Thus, the developed on-site flows are 40.15+4.5 = 

44.65 cfs is generated. Due to the placement of the building  53% of the 44.65 cfs which is 23.66 cfs flows 

north of the building and 20.99 cf cfs flows south around the building.   

 

On-Site Post-Developed Hydraulics 

Given the information above requires a storm drain system to convey the northerly 23.66 on-site flows 

and the southerly 20.99 cfs around the structure, it was determined that and 18” storm drain sloped at 

0.5% can convey approximately 8 cfs, and a 24” storm drain at the same slope can convey 

approximately 17.2 cfs. Flow exceeding in excess of 17 cfs and up to 23.66 cfs can be conveyed in a 24” 

storm drain by varying the slope from 0.5% to 1.0%. 

 

Clarifiers – CDS System Sizing  
In order to protect off-site flows from on-site 

contaminated flows, two Contech CDS System 

clarifiers CDS2020-5 will be installed to treat up 

to 24 cfs of on-site flows prior to exiting the site 

into the off-site drainage conveyance channels.   

The CDS System separates and traps trash, 

debris, sediment, and hydrocarbons from storm 

water runoff.                                                      

 

 

 

III. CONCLUSIONS 

The proposed project will follow regional and local laws and ordinances that require a portion of the on-

site rainfall to be stored on-site and eventually infiltrate into the ground.   

Off-site flows will need directed around the site via a storm drain system to convey the northerly 68 cfs 

tributary flow and the easterly 580 cfs tributary flows. In the body of the report it was determined that 

a 5 foot wide “U” shaped channel flowing at a depth of 1.68 feet could provide the capacity to transport 

the 68 cfs flow to the westerly basin. In addition a combined street/channel section consisting of the full 
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right-of-way of Johnson Road and 6 foot deep trapezoidal channel with a base width of 6 feet which will 

convey the 580 cfs tributary to the eastern property line and then west along Johnson Road.  

It was determined requires 2.82 af of infiltration to mitigate the volume going to the dry lakebed. The 

Johnson Road channel system will also house 0.82 af, and the westerly property line basin will house 2 

af which will satisfy the 2.82 af requirement. 

On-site flows were determined to be 23.66 cfs flowing west along the north side of the building and 

20.99 cfs flowing along the south side of the building. A storm drain system consisting of 18” and 24” dia. 

pipe shall be employed at a minimum of 0.5% slope to intercept roof drains and capture surface flows 

and convey them to the westerly basin. 

All On-Site flows will be directed through a clarifier prior to infiltration or releasing into the water course. 

When all systems are installed, the project will be protected from off-site flows and flooding from on-

site developed flows. Thus, the project meets the requirements for Flood Protection as outlined in the 

San Bernardino County Hydrology Manual.  
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113 CAJON SAND, 2 TO 9 
PERCENT SLOPES

192.8 7.7%

118 CAJON-ARIZO COMPLEX, 2 
TO 15 PERCENT SLOPES*

374.3 14.9%

133 HELENDALE-BRYMAN 
LOAMY SANDS, 2 TO 5 
PERCENT SLOPES*

259.3 10.4%

148 MIRAGE SANDY LOAM, 2 TO 
5 PERCENT SLOPES*

663.3 26.5%

149 MIRAGE-JOSHUA COMPLEX, 
2 TO 5 PERCENT SLOPES*

139.4 5.6%

151 NEBONA-CUDDEBACK 
COMPLEX, 2 TO 9 
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17.4 0.7%

155 PITS 4.4 0.2%
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Totals for Area of Interest 2,504.4 100.0%
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San Bernardino County, California, Mojave River Area

113—CAJON SAND, 2 TO 9 PERCENT SLOPES

Map Unit Setting
National map unit symbol: hkrk
Elevation: 1,800 to 3,500 feet
Mean annual precipitation: 3 to 6 inches
Mean annual air temperature: 59 to 68 degrees F
Frost-free period: 180 to 290 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Cajon and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Cajon

Setting
Landform: Alluvial fans
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from mixed sources

Typical profile
A - 0 to 6 inches: sand
C1 - 6 to 25 inches: sand
C2 - 25 to 60 inches: gravelly sand

Properties and qualities
Slope: 0 to 4 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat excessively drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95 

to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 1 percent
Available water supply, 0 to 60 inches: Very low (about 3.0 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Ecological site: R030XF012CA - Sandy
Hydric soil rating: No

Minor Components

Cajon, gravelly surface
Percent of map unit: 5 percent
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Landform: Alluvial fans

Helendale
Percent of map unit: 5 percent
Landform: Alluvial fans
Hydric soil rating: No

Kimberlina
Percent of map unit: 5 percent
Landform: Alluvial fans
Hydric soil rating: No

118—CAJON-ARIZO COMPLEX, 2 TO 15 PERCENT SLOPES*

Map Unit Setting
National map unit symbol: hkrq
Elevation: 2,800 to 3,300 feet
Mean annual precipitation: 3 to 6 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 180 to 290 days
Farmland classification: Not prime farmland

Map Unit Composition
Cajon, gravelly surface, and similar soils: 55 percent
Arizo and similar soils: 30 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Cajon, Gravelly Surface

Setting
Landform: Alluvial fans
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite sources

Typical profile
H1 - 0 to 6 inches: gravelly sand
H2 - 6 to 60 inches: gravelly sand

Properties and qualities
Slope: 2 to 15 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat excessively drained
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95 

to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Rare
Frequency of ponding: None
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Calcium carbonate, maximum content: 1 percent
Available water supply, 0 to 60 inches: Very low (about 3.0 inches)

Interpretive groups
Land capability classification (irrigated): 4s
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: A
Ecological site: R030XF028CA - COBBLY SANDY
Hydric soil rating: No

Description of Arizo

Setting
Landform: Alluvial fans
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite sources

Typical profile
H1 - 0 to 6 inches: gravelly loamy sand
H2 - 6 to 60 inches: extremely gravelly loamy coarse sand

Properties and qualities
Slope: 2 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Excessively drained
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95 

to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: NoneOccasional
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 3.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7w
Hydrologic Soil Group: A
Ecological site: R030XF025CA - GRAVELLY COARSE LOAMY
Hydric soil rating: No

Minor Components

Helendale
Percent of map unit: 4 percent
Hydric soil rating: No

Bryman
Percent of map unit: 4 percent
Hydric soil rating: No

Joshua
Percent of map unit: 4 percent
Hydric soil rating: No
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Cajon, clayey substratum
Percent of map unit: 3 percent

133—HELENDALE-BRYMAN LOAMY SANDS, 2 TO 5 PERCENT 
SLOPES*

Map Unit Setting
National map unit symbol: hks6
Elevation: 2,500 to 4,000 feet
Mean annual precipitation: 3 to 6 inches
Mean annual air temperature: 59 to 63 degrees F
Frost-free period: 180 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Helendale and similar soils: 50 percent
Bryman and similar soils: 35 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Helendale

Setting
Landform: Fan remnants
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite sources

Typical profile
H1 - 0 to 6 inches: loamy sand
H2 - 6 to 30 inches: sandy loam
H3 - 30 to 66 inches: sandy loam
H4 - 66 to 99 inches: loamy sand

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 5.8 inches)
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Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: A
Ecological site: R030XF012CA - Sandy
Hydric soil rating: No

Description of Bryman

Setting
Landform: Fan remnants
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite sources

Typical profile
H1 - 0 to 8 inches: loamy sand
H2 - 8 to 12 inches: sandy loam
H3 - 12 to 44 inches: sandy clay loam
H4 - 44 to 60 inches: loamy sand

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 7.3 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Ecological site: R030XF012CA - Sandy
Hydric soil rating: No

Minor Components

Cajon
Percent of map unit: 5 percent
Hydric soil rating: No

Mohave variant
Percent of map unit: 5 percent
Hydric soil rating: No

Unnamed soils
Percent of map unit: 5 percent
Hydric soil rating: No
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148—MIRAGE SANDY LOAM, 2 TO 5 PERCENT SLOPES*

Map Unit Setting
National map unit symbol: hksp
Elevation: 2,600 to 3,400 feet
Mean annual precipitation: 3 to 5 inches
Mean annual air temperature: 63 to 66 degrees F
Frost-free period: 200 to 290 days
Farmland classification: Not prime farmland

Map Unit Composition
Mirage and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Mirage

Setting
Landform: Fan remnants
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite sources

Typical profile
H1 - 0 to 5 inches: sandy loam
H2 - 5 to 21 inches: gravelly sandy clay loam
H3 - 21 to 39 inches: gravelly sandy loam
H4 - 39 to 60 inches: gravelly loamy sand

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Strongly saline (16.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very low (about 2.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Ecological site: R030XG024CA - DESERT PAVEMENT

Custom Soil Resource Report

19



Hydric soil rating: No

Minor Components

Nebona
Percent of map unit: 5 percent
Hydric soil rating: No

Cuddeback
Percent of map unit: 5 percent
Hydric soil rating: No

Mirage
Percent of map unit: 4 percent
Hydric soil rating: No

Unnamed soils
Percent of map unit: 1 percent
Hydric soil rating: No

149—MIRAGE-JOSHUA COMPLEX, 2 TO 5 PERCENT SLOPES*

Map Unit Setting
National map unit symbol: hksq
Elevation: 2,600 to 3,400 feet
Mean annual precipitation: 3 to 5 inches
Mean annual air temperature: 63 to 66 degrees F
Frost-free period: 200 to 290 days
Farmland classification: Not prime farmland

Map Unit Composition
Mirage and similar soils: 50 percent
Joshua and similar soils: 30 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Mirage

Setting
Landform: Fan remnants
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite sources

Typical profile
H1 - 0 to 5 inches: sandy loam
H2 - 5 to 21 inches: gravelly sandy clay loam
H3 - 21 to 39 inches: gravelly sandy loam
H4 - 39 to 60 inches: gravelly loamy sand
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Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Strongly saline (16.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very low (about 2.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Ecological site: R030XG024CA - DESERT PAVEMENT
Hydric soil rating: No

Description of Joshua

Setting
Landform: Fan remnants
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from mixed sources

Typical profile
H1 - 0 to 3 inches: loam
H2 - 3 to 20 inches: gravelly sandy clay loam
H3 - 20 to 55 inches: very gravelly loamy coarse sand

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Slightly saline to strongly saline (4.0 to 16.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 3.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Ecological site: R030XG024CA - DESERT PAVEMENT
Hydric soil rating: No
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Minor Components

Unnamed soils
Percent of map unit: 10 percent
Hydric soil rating: No

Nebona
Percent of map unit: 5 percent
Hydric soil rating: No

Cuddeback
Percent of map unit: 5 percent
Hydric soil rating: No

151—NEBONA-CUDDEBACK COMPLEX, 2 TO 9 PERCENT SLOPES*

Map Unit Setting
National map unit symbol: hkss
Elevation: 1,800 to 3,400 feet
Mean annual precipitation: 3 to 5 inches
Mean annual air temperature: 63 to 66 degrees F
Frost-free period: 200 to 290 days
Farmland classification: Not prime farmland

Map Unit Composition
Nebona and similar soils: 60 percent
Cuddeback and similar soils: 20 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Nebona

Setting
Landform: Fan remnants
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Base slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from mixed sources

Typical profile
H1 - 0 to 2 inches: sandy loam
H2 - 2 to 8 inches: fine sandy loam
H3 - 8 to 12 inches: indurated
H4 - 12 to 65 inches: stratified gravelly sand to loam

Properties and qualities
Slope: 2 to 9 percent
Depth to restrictive feature: 6 to 14 inches to duripan
Drainage class: Well drained
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Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 
(0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Slightly saline to strongly saline (4.0 to 16.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: D
Ecological site: R030XF030CA - DESERT PAVEMENT
Hydric soil rating: No

Description of Cuddeback

Setting
Landform: Inset fans
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from mixed sources

Typical profile
H1 - 0 to 3 inches: sandy loam
H2 - 3 to 6 inches: sandy loam
H3 - 6 to 17 inches: gravelly sandy clay loam
H4 - 17 to 34 inches: gravelly sandy loam
H5 - 34 to 38 inches: indurated

Properties and qualities
Slope: 2 to 9 percent
Depth to restrictive feature: 20 to 40 inches to duripan
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Maximum salinity: Slightly saline to moderately saline (4.0 to 8.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 3.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Ecological site: R030XG024CA - DESERT PAVEMENT
Hydric soil rating: No

Minor Components

Unnamed soils
Percent of map unit: 19 percent
Hydric soil rating: No
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Unnamed
Percent of map unit: 1 percent
Landform: Playas
Hydric soil rating: Yes

155—PITS

Map Unit Composition
Pits: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pits

Setting
Landform: Stream terraces, alluvial fans
Landform position (two-dimensional): Backslope, footslope
Landform position (three-dimensional): Mountainflank, side slope, tread
Down-slope shape: Linear
Across-slope shape: Linear

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8s
Hydric soil rating: No

Minor Components

Arizo
Percent of map unit: 5 percent
Hydric soil rating: No

Cajon
Percent of map unit: 3 percent
Hydric soil rating: No

Yermo
Percent of map unit: 2 percent
Hydric soil rating: No

Riverwash
Percent of map unit: 2 percent
Landform: Channels
Hydric soil rating: Yes

Trigger
Percent of map unit: 1 percent
Hydric soil rating: No

Sparkhule
Percent of map unit: 1 percent
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Hydric soil rating: No

Rock outcrop
Percent of map unit: 1 percent
Hydric soil rating: No

158—ROCK OUTCROP-LITHIC TORRIORTHENTS COMPLEX, 15 TO 50 
PERCENT SLOPES*

Map Unit Setting
National map unit symbol: hkt0
Elevation: 650 to 9,000 feet
Mean annual precipitation: 3 to 5 inches
Mean annual air temperature: 63 to 66 degrees F
Frost-free period: 200 to 290 days
Farmland classification: Not prime farmland

Map Unit Composition
Rock outcrop: 60 percent
Lithic torriorthents and similar soils: 30 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Rock Outcrop

Setting
Landform: Mountains
Landform position (two-dimensional): Backslope, summit
Landform position (three-dimensional): Mountainflank
Down-slope shape: Concave
Across-slope shape: Concave

Typical profile
H1 - 0 to 10 inches: unweathered bedrock

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8s
Hydric soil rating: No

Description of Lithic Torriorthents

Setting
Landform: Mountains, hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Mountainflank, side slope
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Residuum weathered from granite

Typical profile
H1 - 0 to 15 inches: variable
H2 - 15 to 29 inches: bedrock
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Properties and qualities
Slope: 15 to 50 percent
Depth to restrictive feature: 8 to 20 inches to lithic bedrock
Drainage class: Excessively drained
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 0.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydric soil rating: No

Minor Components

Sparkhule
Percent of map unit: 4 percent
Hydric soil rating: No

Trigger
Percent of map unit: 3 percent
Hydric soil rating: No

Rock outcrop
Percent of map unit: 3 percent
Hydric soil rating: No

162—SPARKHULE-ROCK OUTCROP COMPLEX, 15 TO 50 PERCENT 
SLOPES*

Map Unit Setting
National map unit symbol: hkt4
Elevation: 650 to 4,500 feet
Mean annual precipitation: 3 to 6 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 180 to 290 days
Farmland classification: Not prime farmland

Map Unit Composition
Sparkhule and similar soils: 60 percent
Rock outcrop: 35 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Sparkhule

Setting
Landform: Mountains
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Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Mountainflank
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Colluvium derived from and/or residuum weathered from dacite

Typical profile
H1 - 0 to 2 inches: gravelly sandy loam
H2 - 2 to 18 inches: gravelly sandy clay loam
H3 - 18 to 28 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 50 percent
Depth to restrictive feature: 14 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very low (about 2.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: D
Ecological site: R030XF033CA - GRAVELLY LOAM
Hydric soil rating: No

Description of Rock Outcrop

Setting
Landform: Mountains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Mountainflank
Down-slope shape: Concave
Across-slope shape: Concave

Typical profile
H1 - 0 to 60 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 50 percent
Depth to restrictive feature: 0 inches to lithic bedrock
Available water supply, 0 to 60 inches: Very low (about 0.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8s
Hydric soil rating: No

Minor Components

Unnamed, sl-grscl subsoil
Percent of map unit: 5 percent
Hydric soil rating: No
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165—TRIGGER-SPARKHULE-ROCK OUTCROP ASSOCIATION, STEEP*

Map Unit Setting
National map unit symbol: hkt7
Elevation: 650 to 4,500 feet
Mean annual precipitation: 3 to 5 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 180 to 290 days
Farmland classification: Not prime farmland

Map Unit Composition
Trigger and similar soils: 40 percent
Sparkhule and similar soils: 30 percent
Rock outcrop: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Trigger

Setting
Landform: Hills
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Crest
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Residuum weathered from calcareous conglomerate

Typical profile
H1 - 0 to 12 inches: gravelly sandy loam
H2 - 12 to 22 inches: unweathered bedrock

Properties and qualities
Slope: 30 to 40 percent
Depth to restrictive feature: 10 to 18 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very low (about 1.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: D
Ecological site: R030XF033CA - GRAVELLY LOAM
Hydric soil rating: No
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Description of Sparkhule

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Base slope
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Colluvium derived from and/or residuum weathered from dacite

Typical profile
H1 - 0 to 2 inches: gravelly sandy loam
H2 - 2 to 18 inches: gravelly sandy clay loam
H3 - 18 to 28 inches: unweathered bedrock

Properties and qualities
Slope: 20 to 30 percent
Depth to restrictive feature: 14 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very low (about 2.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: D
Ecological site: R030XF033CA - GRAVELLY LOAM
Hydric soil rating: No

Description of Rock Outcrop

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Concave
Across-slope shape: Concave

Typical profile
H1 - 0 to 60 inches: unweathered bedrock

Properties and qualities
Slope: 20 to 40 percent
Depth to restrictive feature: 0 inches to lithic bedrock
Available water supply, 0 to 60 inches: Very low (about 0.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8s
Hydric soil rating: No
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EXHIBIT C1- 85 ACRE TRIBUTARY AREA

Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

118 CAJON-ARIZO COMPLEX, 2 
TO 15 PERCENT SLOPES*

19.7 22.7%

133 HELENDALE-BRYMAN 
LOAMY SANDS, 2 TO 5 
PERCENT SLOPES*

67.3 77.3%

Totals for Area of Interest 87.0 100.0%

Group A

Group A & C



San Bernardino County, California, Mojave River Area

118—CAJON-ARIZO COMPLEX, 2 TO 15 PERCENT SLOPES*

Map Unit Setting
National map unit symbol: hkrq
Elevation: 2,800 to 3,300 feet
Mean annual precipitation: 3 to 6 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 180 to 290 days
Farmland classification: Not prime farmland

Map Unit Composition
Cajon, gravelly surface, and similar soils: 55 percent
Arizo and similar soils: 30 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Cajon, Gravelly Surface

Setting
Landform: Alluvial fans
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite sources

Typical profile
H1 - 0 to 6 inches: gravelly sand
H2 - 6 to 60 inches: gravelly sand

Properties and qualities
Slope: 2 to 15 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat excessively drained
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95 

to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Rare
Frequency of ponding: None
Calcium carbonate, maximum content: 1 percent
Available water supply, 0 to 60 inches: Very low (about 3.0 inches)

Interpretive groups
Land capability classification (irrigated): 4s
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: A
Ecological site: R030XF028CA - COBBLY SANDY
Hydric soil rating: No

Description of Arizo

Setting
Landform: Alluvial fans
Landform position (two-dimensional): Backslope
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Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite sources

Typical profile
H1 - 0 to 6 inches: gravelly loamy sand
H2 - 6 to 60 inches: extremely gravelly loamy coarse sand

Properties and qualities
Slope: 2 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Excessively drained
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95 

to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Occasional
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 3.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7w
Hydrologic Soil Group: A
Ecological site: R030XF025CA - GRAVELLY COARSE LOAMY
Hydric soil rating: No

Minor Components

Helendale
Percent of map unit: 4 percent
Hydric soil rating: No

Joshua
Percent of map unit: 4 percent
Hydric soil rating: No

Bryman
Percent of map unit: 4 percent
Hydric soil rating: No

Cajon, clayey substratum
Percent of map unit: 3 percent

133—HELENDALE-BRYMAN LOAMY SANDS, 2 TO 5 PERCENT 
SLOPES*

Map Unit Setting
National map unit symbol: hks6
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Elevation: 2,500 to 4,000 feet
Mean annual precipitation: 3 to 6 inches
Mean annual air temperature: 59 to 63 degrees F
Frost-free period: 180 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Helendale and similar soils: 50 percent
Bryman and similar soils: 35 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Helendale

Setting
Landform: Fan remnants
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite sources

Typical profile
H1 - 0 to 6 inches: loamy sand
H2 - 6 to 30 inches: sandy loam
H3 - 30 to 66 inches: sandy loam
H4 - 66 to 99 inches: loamy sand

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 5.8 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: A
Ecological site: R030XF012CA - Sandy
Hydric soil rating: No

Description of Bryman

Setting
Landform: Fan remnants
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite sources
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Typical profile
H1 - 0 to 8 inches: loamy sand
H2 - 8 to 12 inches: sandy loam
H3 - 12 to 44 inches: sandy clay loam
H4 - 44 to 60 inches: loamy sand

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 7.3 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Ecological site: R030XF012CA - Sandy
Hydric soil rating: No

Minor Components

Cajon
Percent of map unit: 5 percent
Hydric soil rating: No

Mohave variant
Percent of map unit: 5 percent
Hydric soil rating: No

Unnamed soils
Percent of map unit: 5 percent
Hydric soil rating: No
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EXHIBIT D1 - PRECIPITATION
DEPTHS - LOWER AREA
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PF tabular
PDS-based point precipitation frequency estimates with 90%
confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.082
(0.067‑0.101)

0.116
(0.095‑0.142)

0.162
(0.133‑0.200)

0.203
(0.165‑0.252)

0.261
(0.205‑0.335)

0.309
(0.238‑0.404)

0.360
(0.271‑0.482)

0.415
(0.304‑0.572)

0.495
(0.348‑0.710)

0.561
(0.382‑0.832)

10-min 0.117
(0.097‑0.144)

0.166
(0.136‑0.204)

0.233
(0.191‑0.287)

0.291
(0.236‑0.361)

0.374
(0.295‑0.480)

0.442
(0.341‑0.579)

0.515
(0.388‑0.691)

0.595
(0.436‑0.820)

0.709
(0.499‑1.02)

0.804
(0.547‑1.19)

15-min 0.142
(0.117‑0.174)

0.200
(0.165‑0.246)

0.281
(0.231‑0.347)

0.351
(0.286‑0.436)

0.452
(0.356‑0.580)

0.535
(0.413‑0.700)

0.623
(0.470‑0.836)

0.719
(0.527‑0.991)

0.858
(0.604‑1.23)

0.972
(0.661‑1.44)

30-min 0.196
(0.162‑0.241)

0.277
(0.228‑0.340)

0.389
(0.319‑0.480)

0.486
(0.395‑0.603)

0.626
(0.493‑0.802)

0.740
(0.571‑0.968)

0.862
(0.649‑1.16)

0.995
(0.729‑1.37)

1.19
(0.835‑1.70)

1.34
(0.915‑2.00)

60-min 0.253
(0.209‑0.311)

0.357
(0.294‑0.439)

0.502
(0.412‑0.619)

0.627
(0.510‑0.778)

0.807
(0.635‑1.03)

0.954
(0.736‑1.25)

1.11
(0.838‑1.49)

1.28
(0.940‑1.77)

1.53
(1.08‑2.20)

1.73
(1.18‑2.57)

2-hr 0.357
(0.294‑0.438)

0.484
(0.398‑0.595)

0.659
(0.541‑0.812)

0.809
(0.659‑1.00)

1.02
(0.807‑1.31)

1.20
(0.925‑1.57)

1.39
(1.04‑1.86)

1.59
(1.16‑2.18)

1.87
(1.32‑2.68)

2.10
(1.43‑3.12)

3-hr 0.433
(0.356‑0.531)

0.578
(0.476‑0.711)

0.779
(0.639‑0.960)

0.950
(0.773‑1.18)

1.19
(0.940‑1.53)

1.39
(1.07‑1.82)

1.60
(1.21‑2.15)

1.82
(1.34‑2.51)

2.14
(1.51‑3.07)

2.40
(1.63‑3.56)

6-hr 0.583
(0.480‑0.715)

0.771
(0.634‑0.947)

1.03
(0.842‑1.27)

1.24
(1.01‑1.55)

1.55
(1.22‑1.99)

1.80
(1.39‑2.35)

2.06
(1.55‑2.76)

2.33
(1.71‑3.21)

2.72
(1.91‑3.90)

3.03
(2.06‑4.50)

12-hr 0.740
(0.610‑0.909)

0.984
(0.809‑1.21)

1.31
(1.08‑1.62)

1.59
(1.29‑1.97)

1.97
(1.56‑2.53)

2.28
(1.76‑2.99)

2.60
(1.96‑3.49)

2.94
(2.15‑4.05)

3.41
(2.40‑4.89)

3.79
(2.58‑5.62)

24-hr 0.969
(0.859‑1.12)

1.30
(1.16‑1.50)

1.75
(1.55‑2.02)

2.13
(1.86‑2.47)

2.64
(2.24‑3.18)

3.05
(2.53‑3.75)

3.47
(2.81‑4.37)

3.91
(3.08‑5.06)

4.52
(3.42‑6.10)

5.01
(3.66‑6.99)

2-day 1.14
(1.01‑1.32)

1.56
(1.38‑1.80)

2.12
(1.87‑2.44)

2.58
(2.26‑3.00)

3.21
(2.72‑3.86)

3.70
(3.07‑4.55)

4.21
(3.41‑5.31)

4.75
(3.74‑6.15)

5.48
(4.15‑7.40)

6.07
(4.43‑8.48)

3-day 1.24
(1.10‑1.43)

1.71
(1.51‑1.97)

2.33
(2.06‑2.69)

2.84
(2.49‑3.31)

3.54
(3.00‑4.26)

4.09
(3.40‑5.03)

4.65
(3.77‑5.86)

5.24
(4.13‑6.79)

6.06
(4.58‑8.18)

6.70
(4.89‑9.36)

4-day 1.32
(1.17‑1.51)

1.82
(1.61‑2.09)

2.48
(2.19‑2.86)

3.02
(2.65‑3.52)

3.77
(3.19‑4.54)

4.35
(3.61‑5.35)

4.95
(4.01‑6.23)

5.57
(4.39‑7.22)

6.43
(4.86‑8.68)

7.11
(5.19‑9.94)

7-day 1.44
(1.28‑1.66)

1.97
(1.75‑2.27)

2.68
(2.36‑3.09)

3.26
(2.85‑3.79)

4.05
(3.44‑4.88)

4.67
(3.88‑5.74)

5.31
(4.30‑6.69)

5.98
(4.71‑7.74)

6.90
(5.21‑9.31)

7.63
(5.57‑10.7)

10-day 1.53
(1.35‑1.76)

2.08
(1.85‑2.40)

2.82
(2.49‑3.26)

3.43
(3.00‑3.99)

4.26
(3.61‑5.13)

4.91
(4.08‑6.04)

5.58
(4.52‑7.03)

6.28
(4.95‑8.13)

7.25
(5.48‑9.79)

8.02
(5.85‑11.2)

20-day 1.76
(1.56‑2.03)

2.41
(2.14‑2.78)

3.27
(2.89‑3.78)

3.98
(3.49‑4.64)

4.96
(4.21‑5.97)

5.73
(4.76‑7.04)

6.52
(5.29‑8.22)

7.35
(5.79‑9.52)

8.50
(6.43‑11.5)

9.42
(6.88‑13.2)

30-day 2.00
(1.78‑2.30)

2.74
(2.43‑3.16)

3.73
(3.30‑4.31)

4.55
(3.99‑5.30)

5.69
(4.82‑6.85)

6.58
(5.47‑8.09)

7.51
(6.09‑9.46)

8.49
(6.69‑11.0)

9.84
(7.44‑13.3)

10.9
(7.98‑15.3)

45-day 2.35
(2.08‑2.70)

3.22
(2.86‑3.71)

4.40
(3.89‑5.08)

5.38
(4.72‑6.27)

6.76
(5.73‑8.13)

7.84
(6.51‑9.64)

8.98
(7.28‑11.3)

10.2
(8.02‑13.2)

11.9
(8.97‑16.0)

13.2
(9.65‑18.5)

60-day 2.59
(2.30‑2.98)

3.54
(3.14‑4.08)

4.83
(4.27‑5.58)

5.91
(5.18‑6.89)

7.44
(6.31‑8.96)

8.66
(7.19‑10.6)

9.94
(8.05‑12.5)

11.3
(8.91‑14.6)

13.2
(10.0‑17.9)

14.8
(10.8‑20.7)

1 Precipitation frequency (PF) estimates in
this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90%
confidence interval. The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater
than the upper bound (or less than the lower bound) is 5%. Estimates at upper
bounds are not
checked against probable maximum precipitation (PMP) estimates
and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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DEPTHS - MIDDLE AREA

https://www.commerce.gov/
http://www.noaa.gov/


11/28/22, 3:06 PM Precipitation Frequency Data Server

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=34.6312&lon=-117.1163&data=depth&units=english&series=pds 1/4

NOAA Atlas 14, Volume 6, Version 2

Location name:
Apple Valley, California, USA*


Latitude:
34.6312°,
Longitude:
-117.1163°

Elevation:
4021.78 ft**

* source: ESRI Maps

** source: USGS
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PF tabular
PDS-based point precipitation frequency estimates with 90%
confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.083
(0.068‑0.101)

0.116
(0.096‑0.143)

0.163
(0.134‑0.201)

0.203
(0.165‑0.252)

0.261
(0.205‑0.335)

0.308
(0.238‑0.404)

0.359
(0.270‑0.481)

0.413
(0.303‑0.570)

0.492
(0.346‑0.706)

0.556
(0.379‑0.826)

10-min 0.118
(0.098‑0.145)

0.167
(0.137‑0.205)

0.234
(0.191‑0.288)

0.291
(0.237‑0.362)

0.374
(0.294‑0.480)

0.442
(0.341‑0.578)

0.514
(0.387‑0.689)

0.592
(0.434‑0.816)

0.705
(0.496‑1.01)

0.797
(0.543‑1.18)

15-min 0.143
(0.118‑0.176)

0.202
(0.166‑0.248)

0.282
(0.232‑0.348)

0.352
(0.286‑0.437)

0.452
(0.356‑0.580)

0.534
(0.412‑0.700)

0.622
(0.468‑0.834)

0.716
(0.525‑0.987)

0.852
(0.600‑1.22)

0.964
(0.656‑1.43)

30-min 0.199
(0.164‑0.245)

0.280
(0.230‑0.344)

0.393
(0.322‑0.484)

0.490
(0.398‑0.608)

0.629
(0.495‑0.807)

0.743
(0.573‑0.973)

0.865
(0.651‑1.16)

0.996
(0.730‑1.37)

1.19
(0.834‑1.70)

1.34
(0.912‑1.99)

60-min 0.260
(0.214‑0.320)

0.366
(0.301‑0.450)

0.513
(0.421‑0.632)

0.639
(0.520‑0.794)

0.822
(0.647‑1.05)

0.971
(0.749‑1.27)

1.13
(0.851‑1.52)

1.30
(0.954‑1.79)

1.55
(1.09‑2.22)

1.75
(1.19‑2.60)

2-hr 0.366
(0.301‑0.449)

0.494
(0.406‑0.607)

0.671
(0.550‑0.827)

0.822
(0.669‑1.02)

1.04
(0.818‑1.33)

1.22
(0.937‑1.59)

1.40
(1.06‑1.88)

1.60
(1.17‑2.21)

1.89
(1.33‑2.71)

2.12
(1.44‑3.15)

3-hr 0.443
(0.365‑0.544)

0.591
(0.485‑0.726)

0.793
(0.650‑0.977)

0.965
(0.785‑1.20)

1.21
(0.954‑1.55)

1.41
(1.09‑1.85)

1.62
(1.22‑2.17)

1.85
(1.35‑2.54)

2.16
(1.52‑3.10)

2.42
(1.65‑3.59)

6-hr 0.595
(0.490‑0.731)

0.785
(0.645‑0.965)

1.04
(0.855‑1.29)

1.26
(1.03‑1.57)

1.57
(1.24‑2.02)

1.82
(1.40‑2.38)

2.08
(1.57‑2.79)

2.36
(1.73‑3.25)

2.75
(1.93‑3.94)

3.06
(2.08‑4.54)

12-hr 0.752
(0.619‑0.923)

0.999
(0.821‑1.23)

1.33
(1.09‑1.64)

1.61
(1.31‑2.00)

2.01
(1.58‑2.57)

2.32
(1.79‑3.03)

2.64
(1.99‑3.54)

2.98
(2.18‑4.11)

3.46
(2.43‑4.96)

3.84
(2.61‑5.69)

24-hr 0.980
(0.869‑1.13)

1.32
(1.17‑1.53)

1.78
(1.58‑2.06)

2.17
(1.90‑2.52)

2.69
(2.28‑3.24)

3.11
(2.58‑3.82)

3.54
(2.87‑4.46)

3.99
(3.14‑5.17)

4.61
(3.49‑6.23)

5.11
(3.73‑7.13)

2-day 1.16
(1.02‑1.33)

1.58
(1.40‑1.82)

2.15
(1.90‑2.48)

2.62
(2.29‑3.05)

3.27
(2.77‑3.93)

3.77
(3.13‑4.64)

4.30
(3.48‑5.41)

4.84
(3.82‑6.27)

5.60
(4.23‑7.56)

6.20
(4.53‑8.66)

3-day 1.25
(1.11‑1.44)

1.73
(1.53‑1.99)

2.36
(2.08‑2.72)

2.88
(2.52‑3.35)

3.59
(3.05‑4.33)

4.15
(3.45‑5.11)

4.73
(3.84‑5.96)

5.34
(4.21‑6.91)

6.18
(4.67‑8.34)

6.84
(5.00‑9.56)

4-day 1.33
(1.18‑1.53)

1.83
(1.62‑2.11)

2.51
(2.21‑2.89)

3.06
(2.68‑3.56)

3.82
(3.24‑4.60)

4.42
(3.67‑5.43)

5.03
(4.08‑6.34)

5.67
(4.47‑7.35)

6.56
(4.96‑8.86)

7.26
(5.31‑10.1)

7-day 1.46
(1.29‑1.67)

2.00
(1.77‑2.30)

2.72
(2.40‑3.14)

3.31
(2.90‑3.85)

4.13
(3.50‑4.97)

4.76
(3.95‑5.85)

5.42
(4.39‑6.82)

6.10
(4.81‑7.91)

7.05
(5.33‑9.52)

7.80
(5.70‑10.9)

10-day 1.54
(1.37‑1.78)

2.11
(1.87‑2.43)

2.87
(2.53‑3.31)

3.49
(3.06‑4.06)

4.34
(3.68‑5.23)

5.01
(4.16‑6.16)

5.70
(4.62‑7.18)

6.42
(5.06‑8.32)

7.42
(5.61‑10.0)

8.21
(5.99‑11.5)

20-day 1.79
(1.59‑2.06)

2.46
(2.17‑2.83)

3.34
(2.95‑3.86)

4.07
(3.56‑4.74)

5.08
(4.30‑6.11)

5.86
(4.87‑7.21)

6.68
(5.41‑8.41)

7.53
(5.93‑9.75)

8.71
(6.58‑11.8)

9.64
(7.04‑13.5)

30-day 2.03
(1.80‑2.34)

2.80
(2.48‑3.22)

3.81
(3.37‑4.40)

4.66
(4.08‑5.42)

5.82
(4.94‑7.01)

6.74
(5.60‑8.28)

7.69
(6.23‑9.68)

8.69
(6.84‑11.2)

10.1
(7.61‑13.6)

11.2
(8.16‑15.6)

45-day 2.38
(2.12‑2.74)

3.28
(2.91‑3.78)

4.49
(3.96‑5.18)

5.49
(4.81‑6.39)

6.89
(5.84‑8.30)

8.00
(6.64‑9.83)

9.15
(7.42‑11.5)

10.4
(8.17‑13.4)

12.1
(9.13‑16.3)

13.4
(9.81‑18.8)

60-day 2.64
(2.34‑3.04)

3.62
(3.21‑4.17)

4.94
(4.36‑5.70)

6.05
(5.30‑7.04)

7.60
(6.44‑9.15)

8.84
(7.34‑10.9)

10.1
(8.21‑12.8)

11.5
(9.07‑14.9)

13.5
(10.2‑18.2)

15.0
(11.0‑21.0)

1 Precipitation frequency (PF) estimates in
this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90%
confidence interval. The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater
than the upper bound (or less than the lower bound) is 5%. Estimates at upper
bounds are not
checked against probable maximum precipitation (PMP) estimates
and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.

Back to Top

PF graphical

EXHIBIT D3 - PRECIPITATION
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     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
     .                Joseph E. Bonadiman & Assoc., Inc.                 .
     .                       Consulting Engineers                        .
     .                       234 N. Arrowhead Ave.                       .
     .                 San Bernardino, California 92408                  .
     .                           (909)885-3806                           .
     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

                       |<--------(  5.00')---------->|
                       |                             |
               * * * * *                             * * * * *
                     * *                             * *
                     * *^^^Water Surface (  1.68')^^^* *
                     * *                             * *
                     * *                             * *
                     * *                             * *
                     * * * * * * * * * * * * * * * * * *
                     * * * * * * * * * * * * * * * * * *

                           Rectangular Open Channel
                           ------------------------

           Flowrate ..................       68.000  CFS
           Velocity ..................        8.105  fps
           Depth of Flow .............        1.678  feet
           Critical Depth ............        1.791  feet
           Total Depth ...............        1.678  feet
           Base Width ................        5.000  feet
           Slope of Channel ..........        0.500  %
           X-Sectional Area ..........        8.390  sq. ft.
           Wetted Perimeter ..........        8.356  feet
           AR^(2/3) ..................        8.413
           Mannings 'n' ..............        0.013

EXHIBIT J1



     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
     .                Joseph E. Bonadiman & Assoc., Inc.                 .
     .                       Consulting Engineers                        .
     .                       234 N. Arrowhead Ave.                       .
     .                 San Bernardino, California 92408                  .
     .                           (909)885-3806                           .
     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

                       |<--------(  2.50')---------->|
                       |                             |
               * * * * *                             * * * * *
                     * *                             * *
                     * *^^^Water Surface (  1.68')^^^* *
                     * *                             * *
                     * *                             * *
                     * *                             * *
                     * * * * * * * * * * * * * * * * * *
                     * * * * * * * * * * * * * * * * * *

                           Rectangular Open Channel
                           ------------------------

           Flowrate ..................       27.188  CFS
           Velocity ..................        6.473  fps
           Depth of Flow .............        1.680  feet
           Critical Depth ............        1.543  feet
           Total Depth ...............        1.680  feet
           Base Width ................        2.500  feet
           Slope of Channel ..........        0.500  %
           X-Sectional Area ..........        4.200  sq. ft.
           Wetted Perimeter ..........        5.860  feet
           AR^(2/3) ..................        3.364
           Mannings 'n' ..............        0.013

EXHIBIT J2



     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
     .                Joseph E. Bonadiman & Assoc., Inc.                 .
     .                       Consulting Engineers                        .
     .                       234 N. Arrowhead Ave.                       .
     .                 San Bernardino, California 92408                  .
     .                           (909)885-3806                           .
     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

                                Inside Diameter
                                  ( 18.00 in.)

                                       *
                                 *           *
                               *               *

                             *                   *_ _ _ _ 
                             ^^^^^^^^^^^^^^^^^^^^^      ^
                            *        Water        *     |
                                                        |
                            *                     *     |
                                                        |
                             *                   *  ( 16.88 in.)
                                                    ( 1.407 ft.)
                               *               *        |
                                 *           *          |
                                       *_ _ _ _ _ _ _ _ v_

                            Circular Channel Section
                            ------------------------

           Flowrate ..................        7.990  CFS
           Velocity ..................        4.641  fps
           Pipe Diameter .............       18.000  inches
           Depth of Flow .............       16.884  inches
           Depth of Flow .............        1.407  feet
           Critical Depth ............        1.097  feet
           Depth/Diameter  (D/d) .....        0.938
           Slope of Pipe .............        0.500  %
           X-Sectional Area ..........        1.722  sq. ft.
           Wetted Perimeter ..........        3.957  feet
           AR^(2/3) ..................        0.989
           Mannings 'n' ..............        0.013
           Min. Fric. Slope, 18 inch
              Pipe Flowing Full ......        0.579  %

EXHIBIT J3



     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
     .                Joseph E. Bonadiman & Assoc., Inc.                 .
     .                       Consulting Engineers                        .
     .                       234 N. Arrowhead Ave.                       .
     .                 San Bernardino, California 92408                  .
     .                           (909)885-3806                           .
     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

                                Inside Diameter
                                  ( 24.00 in.)

                                       *
                                 *           *
                               *               *

                             *                   *_ _ _ _ 
                             ^^^^^^^^^^^^^^^^^^^^^      ^
                            *        Water        *     |
                                                        |
                            *                     *     |
                                                        |
                             *                   *  ( 22.51 in.)
                                                    ( 1.876 ft.)
                               *               *        |
                                 *           *          |
                                       *_ _ _ _ _ _ _ _ v_

                            Circular Channel Section
                            ------------------------

           Flowrate ..................       17.207  CFS
           Velocity ..................        5.622  fps
           Pipe Diameter .............       24.000  inches
           Depth of Flow .............       22.512  inches
           Depth of Flow .............        1.876  feet
           Critical Depth ............        1.491  feet
           Depth/Diameter  (D/d) .....        0.938
           Slope of Pipe .............        0.500  %
           X-Sectional Area ..........        3.061  sq. ft.
           Wetted Perimeter ..........        5.277  feet
           AR^(2/3) ..................        2.129
           Mannings 'n' ..............        0.013
           Min. Fric. Slope, 24 inch
              Pipe Flowing Full ......        0.579  %

EXHIBIT J4



     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
     .                Joseph E. Bonadiman & Assoc., Inc.                 .
     .                       Consulting Engineers                        .
     .                       234 N. Arrowhead Ave.                       .
     .                 San Bernardino, California 92408                  .
     .                           (909)885-3806                           .
     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

                                Inside Diameter
                                  ( 24.00 in.)

                                       *
                                 *           *
                               *               *

                             *                   *_ _ _ _ 
                             ^^^^^^^^^^^^^^^^^^^^^      ^
                            *        Water        *     |
                                                        |
                            *                     *     |
                                                        |
                             *                   *  ( 22.51 in.)
                                                    ( 1.876 ft.)
                               *               *        |
                                 *           *          |
                                       *_ _ _ _ _ _ _ _ v_

                            Circular Channel Section
                            ------------------------

           Flowrate ..................       21.766  CFS
           Velocity ..................        7.111  fps
           Pipe Diameter .............       24.000  inches
           Depth of Flow .............       22.512  inches
           Depth of Flow .............        1.876  feet
           Critical Depth ............        1.671  feet
           Depth/Diameter  (D/d) .....        0.938
           Slope of Pipe .............        0.800  %
           X-Sectional Area ..........        3.061  sq. ft.
           Wetted Perimeter ..........        5.277  feet
           AR^(2/3) ..................        2.129
           Mannings 'n' ..............        0.013
           Min. Fric. Slope, 24 inch
              Pipe Flowing Full ......        0.926  %

EXHIBIT J5
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APPENDIX B 

Calculations 

100-Year 24-Hour 1,956 Acre Off-Site Unit Hydrograph 

100-Year 24-Hour 85.83 Acre On and Off Site Pre Developed Unit Hydrograph 

100-Year 24-Hour 85.83 Acre On and Off Site Post Developed Unit Hydrograph 

Clarifier Manufacturers Specifications 

WQMP – Short Form 
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++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

------------------------------------------------------------------------ 

 

San Bernardino County Synthetic Unit Hydrology Method 

Manual date - August 1986 

 

 

Program License Serial Number 6434 

 

--------------------------------------------------------------------- 

PRE-DEVELOPED WATERSHED 
100-YEAR 24-HOUR 

AMC III 
 

-------------------------------------------------------------------- 

 

Storm Event Year = 100 

 

Antecedent Moisture Condition = 3 

 

English (in-lb) Input Units Used 

 

English Rainfall Data (Inches) Input Values Used 

 

English Units used in output format 

 

 

 

 

Area averaged rainfall intensity isohyetal data: 

Sub-Area        Duration        Isohyetal 

(Ac.)            (hours)         (In) 

Rainfall data for year 100 

0.00            1           1.12 

1956.00            1           1.12 

-------------------------------------------------------------------- 

Rainfall data for year 100 

1956.00            6           2.06 

-------------------------------------------------------------------- 

Rainfall data for year 100 

1956.00           24           3.47 

-------------------------------------------------------------------- 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 

 ******** Area-averaged max loss rate, Fm ******** 

 

 

 SCS curve  SCS curve     Area     Area     Fp(Fig C6)    Ap      Fm 

 No.(AMCII) NO.(AMC 3)    (Ac.)    Fraction     (In/Hr)  (dec.)   (In/Hr) 

  83.0      95.8       1017.00      0.520     0.083    0.900    0.074 

  77.0      92.2        548.00      0.280     0.151    0.900    0.136 

  46.0      66.0        391.00      0.200     0.593    0.900    0.534 

 

 Area-averaged adjusted loss rate Fm (In/Hr) =  0.184 



 

 ********* Area-Averaged low loss rate fraction, Yb ********** 

 

 Area       Area          SCS CN    SCS CN      S     Pervious 

  (Ac.)      Fract         (AMC2)    (AMC3)           Yield Fr 

    915.30   0.468         83.0      95.8       0.44     0.863 

    101.70   0.052         98.0      98.0       0.20     0.933 

 

    493.20   0.252         77.0      92.2       0.85     0.757 

     54.80   0.028         98.0      98.0       0.20     0.933 

 

    351.90   0.180         46.0      66.0       5.15     0.226 

     39.10   0.020         98.0      98.0       0.20     0.933 

 

 Area-averaged catchment yield fraction, Y =  0.729 

 Area-averaged low loss fraction, Yb =  0.271 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Watercourse length =   31535.00(Ft.) 

 Length from concentration point to centroid =   17553.00(Ft.) 

 Elevation difference along watercourse =    1133.00(Ft.) 

 Mannings friction factor along watercourse =  0.033 

 Watershed area =    1956.00(Ac.) 

 Catchment Lag time =   0.910 hours 

 Unit interval =   5.000 minutes 

 Unit interval percentage of lag time =  9.1566 

 Hydrograph baseflow =     0.00(CFS) 

 Average maximum watershed loss rate(Fm) =  0.184(In/Hr) 

 Average low loss rate fraction (Yb) = 0.271 (decimal) 

 DESERT S-Graph Selected 

 Computed peak 5-minute rainfall =  0.531(In) 

 Computed peak 30-minute rainfall =  0.910(In) 

 Specified peak 1-hour rainfall =  1.120(In) 

 Computed peak 3-hour rainfall =  1.627(In) 

 Specified peak 6-hour rainfall =  2.060(In) 

 Specified peak 24-hour rainfall =  3.470(In) 

 

 

 Rainfall depth area reduction factors: 

 Using a total area of    1956.00(Ac.) (Ref: fig. E-4) 

 

 5-minute factor = 0.908     Adjusted rainfall =  0.483(In) 

 30-minute factor = 0.908    Adjusted rainfall =  0.826(In) 

 1-hour factor = 0.908       Adjusted rainfall =  1.017(In) 

 3-hour factor = 0.988       Adjusted rainfall =  1.608(In) 

 6-hour factor = 0.994       Adjusted rainfall =  2.047(In) 

 24-hour factor = 0.998      Adjusted rainfall =  3.462(In) 

 --------------------------------------------------------------------- 

 

    U n i t  H y d r o g r a p h  

 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Interval          'S' Graph          Unit Hydrograph 

 Number            Mean values             ((CFS)) 

 --------------------------------------------------------------------- 

   (K =     23655.38 (CFS)) 

 

   1                0.403                  95.305 

   2                1.356                 225.531 

   3                2.872                 358.645 

   4                4.948                 490.969 

   5                7.548                 615.162 

   6               11.026                 822.729 

   7               16.645                1329.063 

   8               24.823                1934.488 



   9               33.695                2098.877 

  10               41.366                1814.618 

  11               47.529                1457.752 

  12               52.756                1236.594 

  13               57.201                1051.294 

  14               60.728                 834.343 

  15               63.724                 708.884 

  16               66.369                 625.517 

  17               68.744                 561.906 

  18               70.946                 520.854 

  19               72.879                 457.364 

  20               74.624                 412.705 

  21               76.227                 379.177 

  22               77.770                 364.893 

  23               79.095                 313.569 

  24               80.304                 285.916 

  25               81.492                 281.164 

  26               82.517                 242.449 

  27               83.506                 233.931 

  28               84.468                 227.612 

  29               85.352                 209.130 

  30               86.231                 207.939 

  31               87.042                 191.735 

  32               87.775                 173.301 

  33               88.502                 172.068 

  34               89.105                 142.580 

  35               89.654                 129.962 

  36               90.199                 128.850 

  37               90.716                 122.353 

  38               91.229                 121.298 

  39               91.720                 116.078 

  40               92.161                 104.403 

  41               92.600                 103.960 

  42               93.020                  99.249 

  43               93.423                  95.305 

  44               93.821                  94.226 

  45               94.154                  78.717 

  46               94.465                  73.645 

  47               94.777                  73.645 

  48               95.088                  73.645 

  49               95.399                  73.645 

  50               95.684                  67.310 

  51               95.923                  56.499 

  52               96.161                  56.317 

  53               96.399                  56.317 

  54               96.637                  56.317 

  55               96.869                  54.968 

  56               97.047                  42.164 

  57               97.212                  38.988 

  58               97.377                  38.988 

  59               97.542                  38.988 

  60               97.707                  38.988 

  61               97.840                  31.430 

  62               97.931                  21.698 

  63               98.023                  21.660 

  64               98.114                  21.660 

  65               98.206                  21.660 

  66               98.300                  22.146 

  67               98.407                  25.392 

  68               98.517                  25.992 

  69               98.627                  25.992 

  70               98.737                  25.992 

  71               98.846                  25.992 



  72               98.956                  25.992 

  73               99.066                  25.992 

  74               99.176                  25.992 

  75               99.286                  25.992 

  76               99.396                  25.992 

  77               99.498                  24.092 

  78               99.560                  14.785 

  79               99.617                  13.538 

  80               99.675                  13.538 

  81               99.732                  13.538 

  82               99.789                  13.538 

  83               99.846                  13.538 

  84               99.904                  13.538 

  85               99.961                  13.538 

  86              100.000                   9.266 

 --------------------------------------------------------------------- 

 -------------------------------------------------------------------- 

 -------------------------------------------------------------------- 

 Total soil rain loss =      0.80(In) 

 Total effective rainfall =      2.66(In) 

 Peak flow rate in flood hydrograph =   1680.56(CFS) 

 --------------------------------------------------------------------- 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

                     24 - H O U R    S T O R M 

                R u n o f f      H y d r o g r a p h 

 -------------------------------------------------------------------- 

             Hydrograph in   5   Minute intervals ((CFS)) 

 

 -------------------------------------------------------------------- 

  Time(h+m) Volume Ac.Ft   Q(CFS)  0      425.0     850.0    1275.0    1700.0 

  ----------------------------------------------------------------------- 

    0+ 5       0.0022      0.32  Q         |         |         |         |  

    0+10       0.0095      1.07  Q         |         |         |         |  

    0+15       0.0251      2.26  Q         |         |         |         |  

    0+20       0.0519      3.90  Q         |         |         |         |  

    0+25       0.0929      5.95  Q         |         |         |         |  

    0+30       0.1529      8.70  Q         |         |         |         |  

    0+35       0.2434     13.14  Q         |         |         |         |  

    0+40       0.3784     19.61  Q         |         |         |         |  

    0+45       0.5619     26.64  Q         |         |         |         |  

    0+50       0.7874     32.75  Q         |         |         |         |  

    0+55       1.0470     37.69  Q         |         |         |         |  

    1+ 0       1.3357     41.92  Q         |         |         |         |  

    1+ 5       1.6495     45.55  VQ        |         |         |         |  

    1+10       1.9833     48.47  VQ        |         |         |         |  

    1+15       2.3344     50.99  VQ        |         |         |         |  

    1+20       2.7011     53.23  VQ        |         |         |         |  

    1+25       3.0818     55.28  VQ        |         |         |         |  

    1+30       3.4757     57.19  VQ        |         |         |         |  

    1+35       3.8814     58.91  VQ        |         |         |         |  

    1+40       4.2979     60.48  VQ        |         |         |         |  

    1+45       4.7245     61.94  VQ        |         |         |         |  

    1+50       5.1609     63.37  VQ        |         |         |         |  

    1+55       5.6060     64.63  VQ        |         |         |         |  

    2+ 0       6.0591     65.80  VQ        |         |         |         |  

    2+ 5       6.5203     66.96  VQ        |         |         |         |  

    2+10       6.9886     68.00  VQ        |         |         |         |  

    2+15       7.4639     69.02  VQ        |         |         |         |  

    2+20       7.9462     70.02  VQ        |         |         |         |  

    2+25       8.4349     70.96  VQ        |         |         |         |  

    2+30       8.9301     71.90  VQ        |         |         |         |  

    2+35       9.4314     72.80  VQ        |         |         |         |  

    2+40       9.9385     73.64  VQ        |         |         |         |  



    2+45      10.4514     74.47  VQ        |         |         |         |  

    2+50      10.9695     75.22  |Q        |         |         |         |  

    2+55      11.4924     75.92  |Q        |         |         |         |  

    3+ 0      12.0201     76.63  |Q        |         |         |         |  

    3+ 5      12.5526     77.32  |Q        |         |         |         |  

    3+10      13.0899     78.01  |Q        |         |         |         |  

    3+15      13.6318     78.69  |Q        |         |         |         |  

    3+20      14.1782     79.33  |Q        |         |         |         |  

    3+25      14.7290     79.98  |Q        |         |         |         |  

    3+30      15.2841     80.61  |Q        |         |         |         |  

    3+35      15.8436     81.23  |Q        |         |         |         |  

    3+40      16.4074     81.86  |Q        |         |         |         |  

    3+45      16.9751     82.44  |Q        |         |         |         |  

    3+50      17.5467     83.00  |Q        |         |         |         |  

    3+55      18.1223     83.57  |Q        |         |         |         |  

    4+ 0      18.7018     84.14  |Q        |         |         |         |  

    4+ 5      19.2853     84.72  |Q        |         |         |         |  

    4+10      19.8726     85.28  |VQ       |         |         |         |  

    4+15      20.4636     85.81  |VQ       |         |         |         |  

    4+20      21.0582     86.34  |VQ       |         |         |         |  

    4+25      21.6566     86.88  |VQ       |         |         |         |  

    4+30      22.2586     87.42  | Q       |         |         |         |  

    4+35      22.8644     87.96  | Q       |         |         |         |  

    4+40      23.4737     88.46  | Q       |         |         |         |  

    4+45      24.0864     88.96  | Q       |         |         |         |  

    4+50      24.7025     89.46  | Q       |         |         |         |  

    4+55      25.3222     89.97  | Q       |         |         |         |  

    5+ 0      25.9453     90.48  | Q       |         |         |         |  

    5+ 5      26.5718     90.97  | Q       |         |         |         |  

    5+10      27.2015     91.43  | Q       |         |         |         |  

    5+15      27.8344     91.90  | Q       |         |         |         |  

    5+20      28.4706     92.37  | Q       |         |         |         |  

    5+25      29.1100     92.85  | Q       |         |         |         |  

    5+30      29.7528     93.33  | Q       |         |         |         |  

    5+35      30.3990     93.83  | Q       |         |         |         |  

    5+40      31.0487     94.34  | Q       |         |         |         |  

    5+45      31.7020     94.85  | Q       |         |         |         |  

    5+50      32.3587     95.36  | Q       |         |         |         |  

    5+55      33.0191     95.89  | QV      |         |         |         |  

    6+ 0      33.6831     96.41  | QV      |         |         |         |  

    6+ 5      34.3508     96.95  | QV      |         |         |         |  

    6+10      35.0222     97.49  | QV      |         |         |         |  

    6+15      35.6974     98.03  | QV      |         |         |         |  

    6+20      36.3763     98.58  | QV      |         |         |         |  

    6+25      37.0591     99.13  | QV      |         |         |         |  

    6+30      37.7454     99.66  | QV      |         |         |         |  

    6+35      38.4354    100.19  | QV      |         |         |         |  

    6+40      39.1291    100.72  | QV      |         |         |         |  

    6+45      39.8265    101.26  | QV      |         |         |         |  

    6+50      40.5277    101.81  | QV      |         |         |         |  

    6+55      41.2327    102.37  | QV      |         |         |         |  

    7+ 0      41.9416    102.93  | QV      |         |         |         |  

    7+ 5      42.6543    103.50  | QV      |         |         |         |  

    7+10      43.3710    104.06  | Q V     |         |         |         |  

    7+15      44.0913    104.60  | Q V     |         |         |         |  

    7+20      44.8154    105.14  | Q V     |         |         |         |  

    7+25      45.5434    105.69  | Q V     |         |         |         |  

    7+30      46.2751    106.25  | Q V     |         |         |         |  

    7+35      47.0108    106.82  | Q V     |         |         |         |  

    7+40      47.7505    107.40  | Q V     |         |         |         |  

    7+45      48.4942    107.98  | Q V     |         |         |         |  

    7+50      49.2420    108.58  | Q V     |         |         |         |  

    7+55      49.9939    109.18  | Q V     |         |         |         |  



    8+ 0      50.7500    109.79  | Q V     |         |         |         |  

    8+ 5      51.5104    110.41  | Q V     |         |         |         |  

    8+10      52.2752    111.04  | Q V     |         |         |         |  

    8+15      53.0443    111.68  | Q V     |         |         |         |  

    8+20      53.8179    112.33  | Q V     |         |         |         |  

    8+25      54.5961    112.99  | Q  V    |         |         |         |  

    8+30      55.3788    113.66  | Q  V    |         |         |         |  

    8+35      56.1663    114.33  | Q  V    |         |         |         |  

    8+40      56.9584    115.03  | Q  V    |         |         |         |  

    8+45      57.7555    115.73  | Q  V    |         |         |         |  

    8+50      58.5574    116.44  | Q  V    |         |         |         |  

    8+55      59.3643    117.16  | Q  V    |         |         |         |  

    9+ 0      60.1763    117.90  | Q  V    |         |         |         |  

    9+ 5      60.9934    118.65  | Q  V    |         |         |         |  

    9+10      61.8158    119.41  | Q  V    |         |         |         |  

    9+15      62.6435    120.19  | Q  V    |         |         |         |  

    9+20      63.4767    120.97  | Q  V    |         |         |         |  

    9+25      64.3154    121.78  | Q  V    |         |         |         |  

    9+30      65.1597    122.59  | Q   V   |         |         |         |  

    9+35      66.0097    123.42  | Q   V   |         |         |         |  

    9+40      66.8655    124.27  | Q   V   |         |         |         |  

    9+45      67.7273    125.13  | Q   V   |         |         |         |  

    9+50      68.5951    126.01  | Q   V   |         |         |         |  

    9+55      69.4691    126.90  | Q   V   |         |         |         |  

   10+ 0      70.3493    127.81  |  Q  V   |         |         |         |  

   10+ 5      71.2359    128.74  |  Q  V   |         |         |         |  

   10+10      72.1291    129.68  |  Q  V   |         |         |         |  

   10+15      73.0288    130.65  |  Q  V   |         |         |         |  

   10+20      73.9354    131.63  |  Q  V   |         |         |         |  

   10+25      74.8489    132.64  |  Q  V   |         |         |         |  

   10+30      75.7694    133.66  |  Q  V   |         |         |         |  

   10+35      76.6972    134.71  |  Q   V  |         |         |         |  

   10+40      77.6322    135.77  |  Q   V  |         |         |         |  

   10+45      78.5748    136.87  |  Q   V  |         |         |         |  

   10+50      79.5251    137.98  |  Q   V  |         |         |         |  

   10+55      80.4832    139.12  |  Q   V  |         |         |         |  

   11+ 0      81.4493    140.28  |  Q   V  |         |         |         |  

   11+ 5      82.4237    141.47  |  Q   V  |         |         |         |  

   11+10      83.4064    142.69  |  Q   V  |         |         |         |  

   11+15      84.3976    143.93  |  Q   V  |         |         |         |  

   11+20      85.3977    145.21  |  Q   V  |         |         |         |  

   11+25      86.4067    146.51  |  Q   V  |         |         |         |  

   11+30      87.4249    147.85  |  Q    V |         |         |         |  

   11+35      88.4526    149.22  |  Q    V |         |         |         |  

   11+40      89.4900    150.62  |  Q    V |         |         |         |  

   11+45      90.5372    152.06  |  Q    V |         |         |         |  

   11+50      91.5946    153.54  |  Q    V |         |         |         |  

   11+55      92.6625    155.05  |  Q    V |         |         |         |  

   12+ 0      93.7411    156.61  |  Q    V |         |         |         |  

   12+ 5      94.8303    158.15  |  Q    V |         |         |         |  

   12+10      95.9298    159.65  |  Q    V |         |         |         |  

   12+15      97.0393    161.11  |  Q    V |         |         |         |  

   12+20      98.1587    162.53  |  Q     V|         |         |         |  

   12+25      99.2876    163.92  |  Q     V|         |         |         |  

   12+30     100.4256    165.24  |  Q     V|         |         |         |  

   12+35     101.5708    166.28  |  Q     V|         |         |         |  

   12+40     102.7208    166.99  |  Q     V|         |         |         |  

   12+45     103.8755    167.65  |  Q     V|         |         |         |  

   12+50     105.0363    168.55  |  Q     V|         |         |         |  

   12+55     106.2053    169.74  |  Q     V|         |         |         |  

   13+ 0     107.3839    171.14  |   Q    V|         |         |         |  

   13+ 5     108.5735    172.72  |   Q     V         |         |         |  

   13+10     109.7754    174.52  |   Q     V         |         |         |  



   13+15     110.9909    176.49  |   Q     V         |         |         |  

   13+20     112.2209    178.59  |   Q     V         |         |         |  

   13+25     113.4663    180.83  |   Q     V         |         |         |  

   13+30     114.7280    183.20  |   Q     V         |         |         |  

   13+35     116.0070    185.72  |   Q     V         |         |         |  

   13+40     117.3044    188.37  |   Q     V         |         |         |  

   13+45     118.6210    191.18  |   Q     V         |         |         |  

   13+50     119.9580    194.13  |   Q     |V        |         |         |  

   13+55     121.3165    197.25  |   Q     |V        |         |         |  

   14+ 0     122.6976    200.55  |   Q     |V        |         |         |  

   14+ 5     124.1042    204.23  |   Q     |V        |         |         |  

   14+10     125.5395    208.41  |   Q     |V        |         |         |  

   14+15     127.0072    213.10  |    Q    |V        |         |         |  

   14+20     128.5107    218.32  |    Q    |V        |         |         |  

   14+25     130.0539    224.07  |    Q    | V       |         |         |  

   14+30     131.6418    230.57  |    Q    | V       |         |         |  

   14+35     133.2845    238.52  |    Q    | V       |         |         |  

   14+40     134.9937    248.18  |    Q    | V       |         |         |  

   14+45     136.7748    258.61  |     Q   | V       |         |         |  

   14+50     138.6265    268.86  |     Q   | V       |         |         |  

   14+55     140.5467    278.81  |     Q   | V       |         |         |  

   15+ 0     142.5355    288.78  |     Q   |  V      |         |         |  

   15+ 5     144.5944    298.95  |      Q  |  V      |         |         |  

   15+10     146.7246    309.30  |      Q  |  V      |         |         |  

   15+15     148.9295    320.15  |      Q  |  V      |         |         |  

   15+20     151.2140    331.70  |      Q  |  V      |         |         |  

   15+25     153.5795    343.48  |       Q |   V     |         |         |  

   15+30     156.0273    355.42  |       Q |   V     |         |         |  

   15+35     158.5599    367.73  |       Q |   V     |         |         |  

   15+40     161.1819    380.72  |       Q |   V     |         |         |  

   15+45     163.9029    395.08  |        Q|    V    |         |         |  

   15+50     166.7326    410.88  |        Q|    V    |         |         |  

   15+55     169.6824    428.31  |         Q    V    |         |         |  

   16+ 0     172.7869    450.77  |         Q    V    |         |         |  

   16+ 5     176.3549    518.09  |         | Q   V   |         |         |  

   16+10     180.5312    606.39  |         |   Q V   |         |         |  

   16+15     185.3621    701.45  |         |     QV  |         |         |  

   16+20     190.8811    801.36  |         |      VQ |         |         |  

   16+25     197.1512    910.42  |         |       V |Q        |         |  

   16+30     204.5301   1071.42  |         |       V |    Q    |         |  

   16+35     213.8261   1349.79  |         |        V|         |Q        |  

   16+40     225.0429   1628.68  |         |         V         |       Q |  

   16+45     236.6170   1680.56  |         |         |V        |        Q|  

   16+50     247.1036   1522.65  |         |         | V       |    Q    |  

   16+55     256.2714   1331.17  |         |         |  V      |Q        |  

   17+ 0     264.5221   1197.99  |         |         |   V   Q |         |  

   17+ 5     271.9731   1081.90  |         |         |    Q    |         |  

   17+10     278.5672    957.45  |         |         | Q  V    |         |  

   17+15     284.5869    874.06  |         |         Q     V   |         |  

   17+20     290.1788    811.94  |         |        Q|     V   |         |  

   17+25     295.4153    760.34  |         |      Q  |      V  |         |  

   17+30     300.3612    718.15  |         |     Q   |      V  |         |  

   17+35     304.9595    667.67  |         |    Q    |       V |         |  

   17+40     309.2685    625.67  |         |   Q     |       V |         |  

   17+45     313.3297    589.68  |         |  Q      |       V |         |  

   17+50     317.2013    562.16  |         |  Q      |        V|         |  

   17+55     320.7993    522.43  |         | Q       |        V|         |  

   18+ 0     324.2042    494.40  |         |Q        |        V|         |  

   18+ 5     327.4855    476.44  |         |Q        |         V         |  

   18+10     330.5674    447.50  |         Q         |         V         |  

   18+15     333.5417    431.87  |         Q         |         V         |  

   18+20     336.4197    417.89  |        Q|         |         |V        |  

   18+25     339.1758    400.18  |        Q|         |         |V        |  



   18+30     341.8566    389.24  |        Q|         |         |V        |  

   18+35     344.4261    373.10  |       Q |         |         |V        |  

   18+40     346.8853    357.08  |       Q |         |         | V       |  

   18+45     349.2795    347.64  |       Q |         |         | V       |  

   18+50     351.5371    327.80  |      Q  |         |         | V       |  

   18+55     353.7112    315.68  |      Q  |         |         | V       |  

   19+ 0     355.8373    308.71  |      Q  |         |         | V       |  

   19+ 5     357.9045    300.15  |      Q  |         |         |  V      |  

   19+10     359.9265    293.59  |     Q   |         |         |  V      |  

   19+15     361.8913    285.30  |     Q   |         |         |  V      |  

   19+20     363.7847    274.92  |     Q   |         |         |  V      |  

   19+25     365.6388    269.20  |     Q   |         |         |  V      |  

   19+30     367.4437    262.07  |     Q   |         |         |  V      |  

   19+35     369.2020    255.31  |     Q   |         |         |   V     |  

   19+40     370.9190    249.32  |    Q    |         |         |   V     |  

   19+45     372.5584    238.04  |    Q    |         |         |   V     |  

   19+50     374.1533    231.57  |    Q    |         |         |   V     |  

   19+55     375.7203    227.53  |    Q    |         |         |   V     |  

   20+ 0     377.2605    223.63  |    Q    |         |         |   V     |  

   20+ 5     378.7711    219.35  |    Q    |         |         |   V     |  

   20+10     380.2338    212.38  |   Q     |         |         |    V    |  

   20+15     381.6399    204.16  |   Q     |         |         |    V    |  

   20+20     383.0213    200.58  |   Q     |         |         |    V    |  

   20+25     384.3801    197.29  |   Q     |         |         |    V    |  

   20+30     385.7148    193.81  |   Q     |         |         |    V    |  

   20+35     387.0188    189.34  |   Q     |         |         |    V    |  

   20+40     388.2628    180.63  |   Q     |         |         |    V    |  

   20+45     389.4767    176.25  |   Q     |         |         |    V    |  

   20+50     390.6709    173.41  |   Q     |         |         |     V   |  

   20+55     391.8453    170.52  |   Q     |         |         |     V   |  

   21+ 0     392.9967    167.18  |  Q      |         |         |     V   |  

   21+ 5     394.1040    160.79  |  Q      |         |         |     V   |  

   21+10     395.1652    154.08  |  Q      |         |         |     V   |  

   21+15     396.2099    151.69  |  Q      |         |         |     V   |  

   21+20     397.2403    149.62  |  Q      |         |         |     V   |  

   21+25     398.2578    147.74  |  Q      |         |         |     V   |  

   21+30     399.2646    146.19  |  Q      |         |         |     V   |  

   21+35     400.2684    145.75  |  Q      |         |         |     V   |  

   21+40     401.2618    144.24  |  Q      |         |         |      V  |  

   21+45     402.2431    142.49  |  Q      |         |         |      V  |  

   21+50     403.2128    140.79  |  Q      |         |         |      V  |  

   21+55     404.1711    139.15  |  Q      |         |         |      V  |  

   22+ 0     405.1180    137.50  |  Q      |         |         |      V  |  

   22+ 5     406.0537    135.86  |  Q      |         |         |      V  |  

   22+10     406.9778    134.19  |  Q      |         |         |      V  |  

   22+15     407.8899    132.43  |  Q      |         |         |      V  |  

   22+20     408.7880    130.40  |  Q      |         |         |      V  |  

   22+25     409.6648    127.31  | Q       |         |         |      V  |  

   22+30     410.5020    121.57  | Q       |         |         |      V  |  

   22+35     411.3243    119.39  | Q       |         |         |      V  |  

   22+40     412.1362    117.90  | Q       |         |         |       V |  

   22+45     412.9383    116.46  | Q       |         |         |       V |  

   22+50     413.7303    114.99  | Q       |         |         |       V |  

   22+55     414.5119    113.49  | Q       |         |         |       V |  

   23+ 0     415.2824    111.89  | Q       |         |         |       V |  

   23+ 5     416.0396    109.95  | Q       |         |         |       V |  

   23+10     416.7706    106.13  | Q       |         |         |       V |  

   23+15     417.4641    100.71  | Q       |         |         |       V |  

   23+20     418.1480     99.30  | Q       |         |         |       V |  

   23+25     418.8237     98.11  | Q       |         |         |       V |  

   23+30     419.4918     97.01  | Q       |         |         |       V |  

   23+35     420.1525     95.93  | Q       |         |         |       V |  

   23+40     420.8060     94.90  | Q       |         |         |       V |  



   23+45     421.4529     93.92  | Q       |         |         |       V |  

   23+50     422.0932     92.98  | Q       |         |         |       V |  

   23+55     422.7273     92.07  | Q       |         |         |        V|  

   24+ 0     423.3554     91.20  | Q       |         |         |        V|  

   24+ 5     423.9756     90.04  | Q       |         |         |        V|  

   24+10     424.5850     88.49  | Q       |         |         |        V|  

   24+15     425.1811     86.55  | Q       |         |         |        V|  

   24+20     425.7609     84.19  |Q        |         |         |        V|  

   24+25     426.3219     81.46  |Q        |         |         |        V|  

   24+30     426.8595     78.06  |Q        |         |         |        V|  

   24+35     427.3624     73.02  |Q        |         |         |        V|  

   24+40     427.8171     66.02  |Q        |         |         |        V|  

   24+45     428.2201     58.52  |Q        |         |         |        V|  

   24+50     428.5785     52.03  |Q        |         |         |        V|  

   24+55     428.9006     46.77  |Q        |         |         |        V|  

   25+ 0     429.1918     42.29  Q         |         |         |        V|  

   25+ 5     429.4567     38.45  Q         |         |         |        V|  

   25+10     429.7002     35.37  Q         |         |         |        V|  

   25+15     429.9256     32.72  Q         |         |         |        V|  

   25+20     430.1347     30.36  Q         |         |         |        V|  

   25+25     430.3292     28.24  Q         |         |         |        V|  

   25+30     430.5101     26.28  Q         |         |         |        V|  

   25+35     430.6791     24.54  Q         |         |         |        V|  

   25+40     430.8372     22.96  Q         |         |         |        V|  

   25+45     430.9853     21.51  Q         |         |         |        V|  

   25+50     431.1239     20.12  Q         |         |         |        V|  

   25+55     431.2541     18.91  Q         |         |         |        V|  

   26+ 0     431.3767     17.80  Q         |         |         |        V|  

   26+ 5     431.4918     16.72  Q         |         |         |        V|  

   26+10     431.6004     15.77  Q         |         |         |        V|  

   26+15     431.7028     14.87  Q         |         |         |        V|  

   26+20     431.7991     13.99  Q         |         |         |        V|  

   26+25     431.8899     13.18  Q         |         |         |        V|  

   26+30     431.9752     12.38  Q         |         |         |        V|  

   26+35     432.0553     11.64  Q         |         |         |        V|  

   26+40     432.1309     10.97  Q         |         |         |        V|  

   26+45     432.2019     10.31  Q         |         |         |        V|  

   26+50     432.2691      9.75  Q         |         |         |        V|  

   26+55     432.3327      9.24  Q         |         |         |        V|  

   27+ 0     432.3930      8.74  Q         |         |         |        V|  

   27+ 5     432.4499      8.27  Q         |         |         |        V|  

   27+10     432.5036      7.80  Q         |         |         |        V|  

   27+15     432.5542      7.35  Q         |         |         |        V|  

   27+20     432.6020      6.94  Q         |         |         |        V|  

   27+25     432.6471      6.54  Q         |         |         |        V|  

   27+30     432.6895      6.16  Q         |         |         |        V|  

   27+35     432.7295      5.80  Q         |         |         |        V|  

   27+40     432.7670      5.44  Q         |         |         |        V|  

   27+45     432.8023      5.14  Q         |         |         |        V|  

   27+50     432.8358      4.85  Q         |         |         |        V|  

   27+55     432.8673      4.57  Q         |         |         |        V|  

   28+ 0     432.8968      4.29  Q         |         |         |        V|  

   28+ 5     432.9245      4.01  Q         |         |         |        V|  

   28+10     432.9504      3.76  Q         |         |         |        V|  

   28+15     432.9748      3.54  Q         |         |         |        V|  

   28+20     432.9977      3.33  Q         |         |         |        V|  

   28+25     433.0192      3.12  Q         |         |         |        V|  

   28+30     433.0392      2.91  Q         |         |         |        V|  

   28+35     433.0579      2.70  Q         |         |         |        V|  

   28+40     433.0754      2.54  Q         |         |         |        V|  

   28+45     433.0919      2.40  Q         |         |         |        V|  

   28+50     433.1074      2.25  Q         |         |         |        V|  

   28+55     433.1218      2.10  Q         |         |         |        V|  



   29+ 0     433.1353      1.96  Q         |         |         |        V|  

   29+ 5     433.1480      1.84  Q         |         |         |        V|  

   29+10     433.1601      1.75  Q         |         |         |        V|  

   29+15     433.1716      1.67  Q         |         |         |        V|  

   29+20     433.1825      1.59  Q         |         |         |        V|  

   29+25     433.1929      1.50  Q         |         |         |        V|  

   29+30     433.2026      1.42  Q         |         |         |        V|  

   29+35     433.2117      1.32  Q         |         |         |        V|  

   29+40     433.2202      1.23  Q         |         |         |        V|  

   29+45     433.2280      1.13  Q         |         |         |        V|  

   29+50     433.2352      1.04  Q         |         |         |        V|  

   29+55     433.2417      0.95  Q         |         |         |        V|  

   30+ 0     433.2476      0.85  Q         |         |         |        V|  

   30+ 5     433.2528      0.76  Q         |         |         |        V|  

   30+10     433.2574      0.67  Q         |         |         |        V|  

   30+15     433.2614      0.58  Q         |         |         |        V|  

   30+20     433.2648      0.49  Q         |         |         |        V|  

   30+25     433.2676      0.41  Q         |         |         |        V|  

   30+30     433.2701      0.35  Q         |         |         |        V|  

   30+35     433.2722      0.31  Q         |         |         |        V|  

   30+40     433.2740      0.26  Q         |         |         |        V|  

   30+45     433.2754      0.21  Q         |         |         |        V|  

   30+50     433.2766      0.17  Q         |         |         |        V|  

   30+55     433.2774      0.12  Q         |         |         |        V|  

   31+ 0     433.2780      0.08  Q         |         |         |        V|  

   31+ 5     433.2782      0.03  Q         |         |         |        V|  

----------------------------------------------------------------------- 
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 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 ------------------------------------------------------------------------ 
 
 San Bernardino County Synthetic Unit Hydrology Method 
   Manual date - August 1986 
 
 
 Program License Serial Number 6434 
 
 --------------------------------------------------------------------- 

100 year 24 hour storm 

AMC III 

PREDEVELOPED OFFSITE 

85.83 ACRES 

 -------------------------------------------------------------------- 
 
  Storm Event Year = 100 
 
  Antecedent Moisture Condition = 3 
 
  English (in-lb) Input Units Used 
 
  English Rainfall Data (Inches) Input Values Used 
 
  English Units used in output format 
 
 
 
 
 Area averaged rainfall intensity isohyetal data: 
  Sub-Area        Duration        Isohyetal 
  (Ac.)            (hours)         (In) 
 Rainfall data for year 100 
      85.83            1           1.08 
 -------------------------------------------------------------------- 
 Rainfall data for year 100 
      85.83            6           2.01 
 -------------------------------------------------------------------- 
 Rainfall data for year 100 
      85.83           24           3.43 
 -------------------------------------------------------------------- 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 
 ******** Area-averaged max loss rate, Fm ******** 
 
 
 SCS curve  SCS curve     Area     Area     Fp(Fig C6)    Ap      Fm 
 No.(AMCII) NO.(AMC 3)    (Ac.)    Fraction     (In/Hr)  (dec.)   (In/Hr) 
  46.0      66.0         59.29      0.691     0.593    0.900    0.534 
  77.0      92.2         26.54      0.309     0.151    0.900    0.136 
 
 Area-averaged adjusted loss rate Fm (In/Hr) =  0.411 
 
 ********* Area-Averaged low loss rate fraction, Yb ********** 
 



 Area       Area          SCS CN    SCS CN      S     Pervious 
  (Ac.)      Fract         (AMC2)    (AMC3)           Yield Fr 
     53.36   0.622         46.0      66.0       5.15     0.222 
      5.93   0.069         98.0      98.0       0.20     0.932 
 
     23.89   0.278         77.0      92.2       0.85     0.755 
      2.65   0.031         98.0      98.0       0.20     0.932 
 
 Area-averaged catchment yield fraction, Y =  0.441 
 Area-averaged low loss fraction, Yb =  0.559 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Watercourse length =    4521.00(Ft.) 
 Length from concentration point to centroid =    2124.00(Ft.) 
 Elevation difference along watercourse =      59.00(Ft.) 
 Mannings friction factor along watercourse =  0.033 
 Watershed area =      85.83(Ac.) 
 Catchment Lag time =   0.236 hours 
 Unit interval =   5.000 minutes 
 Unit interval percentage of lag time = 35.2578 
 Hydrograph baseflow =     0.00(CFS) 
 Average maximum watershed loss rate(Fm) =  0.411(In/Hr) 
 Average low loss rate fraction (Yb) = 0.559 (decimal) 
 DESERT S-Graph Selected 
 Computed peak 5-minute rainfall =  0.512(In) 
 Computed peak 30-minute rainfall =  0.877(In) 
 Specified peak 1-hour rainfall =  1.080(In) 
 Computed peak 3-hour rainfall =  1.581(In) 
 Specified peak 6-hour rainfall =  2.010(In) 
 Specified peak 24-hour rainfall =  3.430(In) 
 
 
 Rainfall depth area reduction factors: 
 Using a total area of      85.83(Ac.) (Ref: fig. E-4) 
 
 5-minute factor = 0.996     Adjusted rainfall =  0.510(In) 
 30-minute factor = 0.996    Adjusted rainfall =  0.874(In) 
 1-hour factor = 0.996       Adjusted rainfall =  1.076(In) 
 3-hour factor = 0.999       Adjusted rainfall =  1.580(In) 
 6-hour factor = 1.000       Adjusted rainfall =  2.009(In) 
 24-hour factor = 1.000      Adjusted rainfall =  3.430(In) 
 --------------------------------------------------------------------- 
 
    U n i t  H y d r o g r a p h  
 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Interval          'S' Graph          Unit Hydrograph 
 Number            Mean values             ((CFS)) 
 --------------------------------------------------------------------- 
   (K =      1038.01 (CFS)) 
 
   1                2.258                  23.441 
   2               13.641                 118.149 
   3               41.424                 288.396 
   4               60.328                 196.226 
   5               70.443                 104.987 
   6               77.196                  70.099 
   7               81.989                  49.757 
   8               85.673                  38.232 
   9               88.590                  30.285 
  10               90.753                  22.450 
  11               92.561                  18.762 
  12               94.065                  15.614 
  13               95.277                  12.579 
  14               96.275                  10.368 



  15               97.098                   8.534 
  16               97.714                   6.401 
  17               98.118                   4.186 
  18               98.504                   4.013 
  19               98.927                   4.392 
  20               99.348                   4.369 
  21               99.642                   3.054 
  22               99.863                   2.287 
  23              100.000                   1.424 
 --------------------------------------------------------------------- 
 -------------------------------------------------------------------- 
 -------------------------------------------------------------------- 
 Total soil rain loss =      1.62(In) 
 Total effective rainfall =      1.81(In) 
 Peak flow rate in flood hydrograph =    167.76(CFS) 
 --------------------------------------------------------------------- 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
                     24 - H O U R    S T O R M 
                R u n o f f      H y d r o g r a p h 
 -------------------------------------------------------------------- 
             Hydrograph in   5   Minute intervals ((CFS)) 
 
 -------------------------------------------------------------------- 
  Time(h+m) Volume Ac.Ft   Q(CFS)  0       50.0     100.0     150.0     200.0 
  ----------------------------------------------------------------------- 
    0+ 5       0.0003      0.05  Q         |         |         |         |  
    0+10       0.0023      0.29  Q         |         |         |         |  
    0+15       0.0083      0.87  Q         |         |         |         |  
    0+20       0.0171      1.27  Q         |         |         |         |  
    0+25       0.0274      1.49  Q         |         |         |         |  
    0+30       0.0387      1.64  Q         |         |         |         |  
    0+35       0.0507      1.74  Q         |         |         |         |  
    0+40       0.0633      1.83  Q         |         |         |         |  
    0+45       0.0763      1.90  Q         |         |         |         |  
    0+50       0.0897      1.95  Q         |         |         |         |  
    0+55       0.1034      1.99  Q         |         |         |         |  
    1+ 0       0.1174      2.03  Q         |         |         |         |  
    1+ 5       0.1316      2.06  Q         |         |         |         |  
    1+10       0.1460      2.09  Q         |         |         |         |  
    1+15       0.1606      2.11  Q         |         |         |         |  
    1+20       0.1753      2.13  Q         |         |         |         |  
    1+25       0.1901      2.15  Q         |         |         |         |  
    1+30       0.2050      2.17  Q         |         |         |         |  
    1+35       0.2200      2.18  Q         |         |         |         |  
    1+40       0.2352      2.20  Q         |         |         |         |  
    1+45       0.2504      2.21  Q         |         |         |         |  
    1+50       0.2657      2.23  Q         |         |         |         |  
    1+55       0.2811      2.24  Q         |         |         |         |  
    2+ 0       0.2966      2.24  Q         |         |         |         |  
    2+ 5       0.3121      2.25  Q         |         |         |         |  
    2+10       0.3277      2.26  QV        |         |         |         |  
    2+15       0.3433      2.27  QV        |         |         |         |  
    2+20       0.3590      2.28  QV        |         |         |         |  
    2+25       0.3747      2.28  QV        |         |         |         |  
    2+30       0.3905      2.29  QV        |         |         |         |  
    2+35       0.4063      2.30  QV        |         |         |         |  
    2+40       0.4222      2.31  QV        |         |         |         |  
    2+45       0.4382      2.32  QV        |         |         |         |  
    2+50       0.4542      2.33  QV        |         |         |         |  
    2+55       0.4703      2.34  QV        |         |         |         |  
    3+ 0       0.4865      2.35  QV        |         |         |         |  
    3+ 5       0.5027      2.35  QV        |         |         |         |  
    3+10       0.5190      2.36  QV        |         |         |         |  



    3+15       0.5353      2.37  QV        |         |         |         |  
    3+20       0.5517      2.38  QV        |         |         |         |  
    3+25       0.5682      2.39  QV        |         |         |         |  
    3+30       0.5847      2.40  QV        |         |         |         |  
    3+35       0.6013      2.41  QV        |         |         |         |  
    3+40       0.6180      2.42  QV        |         |         |         |  
    3+45       0.6347      2.43  QV        |         |         |         |  
    3+50       0.6515      2.44  Q V       |         |         |         |  
    3+55       0.6684      2.45  Q V       |         |         |         |  
    4+ 0       0.6853      2.46  Q V       |         |         |         |  
    4+ 5       0.7023      2.47  Q V       |         |         |         |  
    4+10       0.7194      2.48  Q V       |         |         |         |  
    4+15       0.7366      2.49  Q V       |         |         |         |  
    4+20       0.7538      2.50  Q V       |         |         |         |  
    4+25       0.7711      2.51  Q V       |         |         |         |  
    4+30       0.7885      2.52  Q V       |         |         |         |  
    4+35       0.8059      2.53  Q V       |         |         |         |  
    4+40       0.8234      2.54  Q V       |         |         |         |  
    4+45       0.8410      2.56  Q V       |         |         |         |  
    4+50       0.8587      2.57  Q V       |         |         |         |  
    4+55       0.8765      2.58  Q V       |         |         |         |  
    5+ 0       0.8943      2.59  Q V       |         |         |         |  
    5+ 5       0.9122      2.60  Q V       |         |         |         |  
    5+10       0.9302      2.61  Q V       |         |         |         |  
    5+15       0.9483      2.63  Q V       |         |         |         |  
    5+20       0.9665      2.64  Q V       |         |         |         |  
    5+25       0.9847      2.65  Q  V      |         |         |         |  
    5+30       1.0030      2.66  Q  V      |         |         |         |  
    5+35       1.0215      2.67  Q  V      |         |         |         |  
    5+40       1.0400      2.69  Q  V      |         |         |         |  
    5+45       1.0586      2.70  Q  V      |         |         |         |  
    5+50       1.0773      2.71  Q  V      |         |         |         |  
    5+55       1.0960      2.73  Q  V      |         |         |         |  
    6+ 0       1.1149      2.74  Q  V      |         |         |         |  
    6+ 5       1.1339      2.75  Q  V      |         |         |         |  
    6+10       1.1529      2.77  Q  V      |         |         |         |  
    6+15       1.1721      2.78  Q  V      |         |         |         |  
    6+20       1.1913      2.80  Q  V      |         |         |         |  
    6+25       1.2107      2.81  Q  V      |         |         |         |  
    6+30       1.2301      2.82  Q  V      |         |         |         |  
    6+35       1.2497      2.84  Q  V      |         |         |         |  
    6+40       1.2693      2.85  Q  V      |         |         |         |  
    6+45       1.2891      2.87  Q  V      |         |         |         |  
    6+50       1.3090      2.88  Q   V     |         |         |         |  
    6+55       1.3289      2.90  Q   V     |         |         |         |  
    7+ 0       1.3490      2.92  Q   V     |         |         |         |  
    7+ 5       1.3692      2.93  Q   V     |         |         |         |  
    7+10       1.3895      2.95  Q   V     |         |         |         |  
    7+15       1.4099      2.96  Q   V     |         |         |         |  
    7+20       1.4305      2.98  Q   V     |         |         |         |  
    7+25       1.4511      3.00  Q   V     |         |         |         |  
    7+30       1.4719      3.01  Q   V     |         |         |         |  
    7+35       1.4927      3.03  Q   V     |         |         |         |  
    7+40       1.5138      3.05  Q   V     |         |         |         |  
    7+45       1.5349      3.07  Q   V     |         |         |         |  
    7+50       1.5561      3.09  Q   V     |         |         |         |  
    7+55       1.5775      3.11  Q   V     |         |         |         |  
    8+ 0       1.5990      3.12  Q   V     |         |         |         |  
    8+ 5       1.6207      3.14  Q    V    |         |         |         |  
    8+10       1.6425      3.16  Q    V    |         |         |         |  
    8+15       1.6644      3.18  Q    V    |         |         |         |  
    8+20       1.6864      3.20  Q    V    |         |         |         |  
    8+25       1.7086      3.22  Q    V    |         |         |         |  



    8+30       1.7310      3.24  Q    V    |         |         |         |  
    8+35       1.7535      3.27  Q    V    |         |         |         |  
    8+40       1.7761      3.29  Q    V    |         |         |         |  
    8+45       1.7989      3.31  Q    V    |         |         |         |  
    8+50       1.8218      3.33  Q    V    |         |         |         |  
    8+55       1.8449      3.35  Q    V    |         |         |         |  
    9+ 0       1.8682      3.38  Q    V    |         |         |         |  
    9+ 5       1.8916      3.40  Q    V    |         |         |         |  
    9+10       1.9152      3.42  Q    V    |         |         |         |  
    9+15       1.9390      3.45  Q    V    |         |         |         |  
    9+20       1.9629      3.47  Q     V   |         |         |         |  
    9+25       1.9870      3.50  Q     V   |         |         |         |  
    9+30       2.0113      3.52  Q     V   |         |         |         |  
    9+35       2.0357      3.55  Q     V   |         |         |         |  
    9+40       2.0604      3.58  Q     V   |         |         |         |  
    9+45       2.0852      3.61  Q     V   |         |         |         |  
    9+50       2.1102      3.63  Q     V   |         |         |         |  
    9+55       2.1355      3.66  Q     V   |         |         |         |  
   10+ 0       2.1609      3.69  Q     V   |         |         |         |  
   10+ 5       2.1865      3.72  Q     V   |         |         |         |  
   10+10       2.2124      3.75  Q     V   |         |         |         |  
   10+15       2.2384      3.78  Q     V   |         |         |         |  
   10+20       2.2647      3.82  Q      V  |         |         |         |  
   10+25       2.2912      3.85  Q      V  |         |         |         |  
   10+30       2.3179      3.88  Q      V  |         |         |         |  
   10+35       2.3449      3.92  Q      V  |         |         |         |  
   10+40       2.3721      3.95  Q      V  |         |         |         |  
   10+45       2.3995      3.99  Q      V  |         |         |         |  
   10+50       2.4272      4.02  Q      V  |         |         |         |  
   10+55       2.4552      4.06  Q      V  |         |         |         |  
   11+ 0       2.4834      4.10  Q      V  |         |         |         |  
   11+ 5       2.5119      4.14  Q      V  |         |         |         |  
   11+10       2.5407      4.18  Q      V  |         |         |         |  
   11+15       2.5698      4.22  Q      V  |         |         |         |  
   11+20       2.5991      4.26  Q       V |         |         |         |  
   11+25       2.6288      4.31  Q       V |         |         |         |  
   11+30       2.6587      4.35  Q       V |         |         |         |  
   11+35       2.6890      4.40  Q       V |         |         |         |  
   11+40       2.7196      4.44  Q       V |         |         |         |  
   11+45       2.7506      4.49  Q       V |         |         |         |  
   11+50       2.7819      4.54  Q       V |         |         |         |  
   11+55       2.8135      4.60  Q       V |         |         |         |  
   12+ 0       2.8455      4.65  Q       V |         |         |         |  
   12+ 5       2.8779      4.69  Q       V |         |         |         |  
   12+10       2.9102      4.69  Q        V|         |         |         |  
   12+15       2.9420      4.61  Q        V|         |         |         |  
   12+20       2.9735      4.58  Q        V|         |         |         |  
   12+25       3.0051      4.59  Q        V|         |         |         |  
   12+30       3.0370      4.62  Q        V|         |         |         |  
   12+35       3.0691      4.66  Q        V|         |         |         |  
   12+40       3.1015      4.71  Q        V|         |         |         |  
   12+45       3.1343      4.77  Q        V|         |         |         |  
   12+50       3.1676      4.83  Q        V|         |         |         |  
   12+55       3.2013      4.89  Q        V|         |         |         |  
   13+ 0       3.2355      4.96  Q         V         |         |         |  
   13+ 5       3.2702      5.04  |Q        V         |         |         |  
   13+10       3.3054      5.12  |Q        V         |         |         |  
   13+15       3.3413      5.20  |Q        V         |         |         |  
   13+20       3.3777      5.29  |Q        V         |         |         |  
   13+25       3.4148      5.39  |Q        V         |         |         |  
   13+30       3.4526      5.49  |Q        V         |         |         |  
   13+35       3.4911      5.59  |Q        V         |         |         |  
   13+40       3.5304      5.70  |Q        V         |         |         |  



   13+45       3.5705      5.82  |Q        |V        |         |         |  
   13+50       3.6114      5.94  |Q        |V        |         |         |  
   13+55       3.6532      6.07  |Q        |V        |         |         |  
   14+ 0       3.6959      6.21  |Q        |V        |         |         |  
   14+ 5       3.7397      6.36  |Q        |V        |         |         |  
   14+10       3.7846      6.52  |Q        |V        |         |         |  
   14+15       3.8308      6.70  |Q        |V        |         |         |  
   14+20       3.8782      6.89  |Q        |V        |         |         |  
   14+25       3.9270      7.09  |Q        | V       |         |         |  
   14+30       3.9773      7.29  |Q        | V       |         |         |  
   14+35       4.0291      7.52  |Q        | V       |         |         |  
   14+40       4.0825      7.76  |Q        | V       |         |         |  
   14+45       4.1378      8.03  |Q        | V       |         |         |  
   14+50       4.1950      8.30  |Q        | V       |         |         |  
   14+55       4.2544      8.62  |Q        |  V      |         |         |  
   15+ 0       4.3161      8.96  |Q        |  V      |         |         |  
   15+ 5       4.3805      9.35  |Q        |  V      |         |         |  
   15+10       4.4477      9.77  |Q        |  V      |         |         |  
   15+15       4.5184     10.26  | Q       |  V      |         |         |  
   15+20       4.5927     10.80  | Q       |   V     |         |         |  
   15+25       4.6712     11.40  | Q       |   V     |         |         |  
   15+30       4.7531     11.88  | Q       |   V     |         |         |  
   15+35       4.8371     12.20  | Q       |   V     |         |         |  
   15+40       4.9255     12.83  | Q       |    V    |         |         |  
   15+45       5.0215     13.95  | Q       |    V    |         |         |  
   15+50       5.1281     15.48  |  Q      |    V    |         |         |  
   15+55       5.2533     18.17  |  Q      |     V   |         |         |  
   16+ 0       5.4177     23.87  |   Q     |     V   |         |         |  
   16+ 5       5.7308     45.46  |        Q|      V  |         |         |  
   16+10       6.4013     97.36  |         |        Q|         |         |  
   16+15       7.5567    167.76  |         |         |  V      |  Q      |  
   16+20       8.3865    120.49  |         |         |   QV    |         |  
   16+25       8.8985     74.34  |         |   Q     |      V  |         |  
   16+30       9.2731     54.39  |         Q         |       V |         |  
   16+35       9.5659     42.52  |       Q |         |        V|         |  
   16+40       9.8076     35.09  |      Q  |         |         V         |  
   16+45      10.0111     29.55  |    Q    |         |         V         |  
   16+50      10.1799     24.50  |   Q     |         |         |V        |  
   16+55      10.3280     21.51  |   Q     |         |         |V        |  
   17+ 0      10.4585     18.95  |  Q      |         |         | V       |  
   17+ 5      10.5729     16.60  |  Q      |         |         | V       |  
   17+10      10.6743     14.73  | Q       |         |         |  V      |  
   17+15      10.7645     13.10  | Q       |         |         |  V      |  
   17+20      10.8433     11.45  | Q       |         |         |  V      |  
   17+25      10.9119      9.95  |Q        |         |         |  V      |  
   17+30      10.9770      9.46  |Q        |         |         |  V      |  
   17+35      11.0405      9.22  |Q        |         |         |   V     |  
   17+40      11.1009      8.77  |Q        |         |         |   V     |  
   17+45      11.1545      7.79  |Q        |         |         |   V     |  
   17+50      11.2030      7.05  |Q        |         |         |   V     |  
   17+55      11.2464      6.30  |Q        |         |         |   V     |  
   18+ 0      11.2837      5.41  |Q        |         |         |   V     |  
   18+ 5      11.3195      5.20  |Q        |         |         |    V    |  
   18+10      11.3544      5.07  |Q        |         |         |    V    |  
   18+15      11.3891      5.03  |Q        |         |         |    V    |  
   18+20      11.4233      4.97  Q         |         |         |    V    |  
   18+25      11.4569      4.88  Q         |         |         |    V    |  
   18+30      11.4898      4.78  Q         |         |         |    V    |  
   18+35      11.5220      4.68  Q         |         |         |    V    |  
   18+40      11.5536      4.58  Q         |         |         |    V    |  
   18+45      11.5845      4.49  Q         |         |         |    V    |  
   18+50      11.6147      4.40  Q         |         |         |    V    |  
   18+55      11.6444      4.31  Q         |         |         |     V   |  



   19+ 0      11.6735      4.23  Q         |         |         |     V   |  
   19+ 5      11.7021      4.15  Q         |         |         |     V   |  
   19+10      11.7301      4.07  Q         |         |         |     V   |  
   19+15      11.7577      4.00  Q         |         |         |     V   |  
   19+20      11.7847      3.93  Q         |         |         |     V   |  
   19+25      11.8114      3.86  Q         |         |         |     V   |  
   19+30      11.8375      3.80  Q         |         |         |     V   |  
   19+35      11.8633      3.74  Q         |         |         |     V   |  
   19+40      11.8886      3.68  Q         |         |         |     V   |  
   19+45      11.9135      3.62  Q         |         |         |     V   |  
   19+50      11.9381      3.57  Q         |         |         |     V   |  
   19+55      11.9623      3.52  Q         |         |         |     V   |  
   20+ 0      11.9862      3.46  Q         |         |         |      V  |  
   20+ 5      12.0097      3.41  Q         |         |         |      V  |  
   20+10      12.0329      3.37  Q         |         |         |      V  |  
   20+15      12.0558      3.32  Q         |         |         |      V  |  
   20+20      12.0783      3.28  Q         |         |         |      V  |  
   20+25      12.1006      3.23  Q         |         |         |      V  |  
   20+30      12.1226      3.19  Q         |         |         |      V  |  
   20+35      12.1443      3.15  Q         |         |         |      V  |  
   20+40      12.1658      3.11  Q         |         |         |      V  |  
   20+45      12.1870      3.08  Q         |         |         |      V  |  
   20+50      12.2079      3.04  Q         |         |         |      V  |  
   20+55      12.2286      3.01  Q         |         |         |      V  |  
   21+ 0      12.2491      2.97  Q         |         |         |      V  |  
   21+ 5      12.2693      2.94  Q         |         |         |      V  |  
   21+10      12.2893      2.91  Q         |         |         |       V |  
   21+15      12.3092      2.88  Q         |         |         |       V |  
   21+20      12.3287      2.85  Q         |         |         |       V |  
   21+25      12.3481      2.82  Q         |         |         |       V |  
   21+30      12.3673      2.79  Q         |         |         |       V |  
   21+35      12.3863      2.76  Q         |         |         |       V |  
   21+40      12.4052      2.73  Q         |         |         |       V |  
   21+45      12.4238      2.71  Q         |         |         |       V |  
   21+50      12.4423      2.68  Q         |         |         |       V |  
   21+55      12.4605      2.65  Q         |         |         |       V |  
   22+ 0      12.4786      2.63  Q         |         |         |       V |  
   22+ 5      12.4966      2.61  Q         |         |         |       V |  
   22+10      12.5144      2.58  Q         |         |         |       V |  
   22+15      12.5320      2.56  Q         |         |         |       V |  
   22+20      12.5495      2.54  Q         |         |         |       V |  
   22+25      12.5668      2.52  Q         |         |         |       V |  
   22+30      12.5840      2.49  Q         |         |         |       V |  
   22+35      12.6010      2.47  Q         |         |         |       V |  
   22+40      12.6179      2.45  Q         |         |         |        V|  
   22+45      12.6347      2.43  Q         |         |         |        V|  
   22+50      12.6513      2.41  Q         |         |         |        V|  
   22+55      12.6678      2.39  Q         |         |         |        V|  
   23+ 0      12.6842      2.38  Q         |         |         |        V|  
   23+ 5      12.7004      2.36  Q         |         |         |        V|  
   23+10      12.7165      2.34  Q         |         |         |        V|  
   23+15      12.7325      2.32  Q         |         |         |        V|  
   23+20      12.7484      2.30  Q         |         |         |        V|  
   23+25      12.7641      2.29  Q         |         |         |        V|  
   23+30      12.7798      2.27  Q         |         |         |        V|  
   23+35      12.7953      2.25  Q         |         |         |        V|  
   23+40      12.8107      2.24  Q         |         |         |        V|  
   23+45      12.8260      2.22  Q         |         |         |        V|  
   23+50      12.8412      2.21  Q         |         |         |        V|  
   23+55      12.8563      2.19  Q         |         |         |        V|  
   24+ 0      12.8713      2.18  Q         |         |         |        V|  
   24+ 5      12.8859      2.12  Q         |         |         |        V|  
   24+10      12.8987      1.86  Q         |         |         |        V|  



   24+15      12.9074      1.27  Q         |         |         |        V|  
   24+20      12.9133      0.86  Q         |         |         |        V|  
   24+25      12.9177      0.64  Q         |         |         |        V|  
   24+30      12.9211      0.50  Q         |         |         |        V|  
   24+35      12.9238      0.39  Q         |         |         |        V|  
   24+40      12.9260      0.31  Q         |         |         |        V|  
   24+45      12.9277      0.25  Q         |         |         |        V|  
   24+50      12.9291      0.20  Q         |         |         |        V|  
   24+55      12.9302      0.16  Q         |         |         |        V|  
   25+ 0      12.9311      0.13  Q         |         |         |        V|  
   25+ 5      12.9318      0.10  Q         |         |         |        V|  
   25+10      12.9323      0.08  Q         |         |         |        V|  
   25+15      12.9327      0.06  Q         |         |         |        V|  
   25+20      12.9331      0.05  Q         |         |         |        V|  
   25+25      12.9334      0.04  Q         |         |         |        V|  
   25+30      12.9336      0.03  Q         |         |         |        V|  
   25+35      12.9337      0.02  Q         |         |         |        V|  
   25+40      12.9338      0.01  Q         |         |         |        V|  
   25+45      12.9339      0.01  Q         |         |         |        V|  
   25+50      12.9339      0.00  Q         |         |         |         V  
----------------------------------------------------------------------- 
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 ------------------------------------------------------------------------ 
 
 San Bernardino County Synthetic Unit Hydrology Method 
   Manual date - August 1986 
 
 
 Program License Serial Number 6434 
 
 --------------------------------------------------------------------- 

100 YEAR 24 HOUR STORM 

AMC III 

DEVELOPED ON AND OFF SITE 

85.83 ACRES 

 -------------------------------------------------------------------- 
 
  Storm Event Year = 100 
 
  Antecedent Moisture Condition = 3 
 
  English (in-lb) Input Units Used 
 
  English Rainfall Data (Inches) Input Values Used 
 
  English Units used in output format 
 
 
 
 
 Area averaged rainfall intensity isohyetal data: 
  Sub-Area        Duration        Isohyetal 
  (Ac.)            (hours)         (In) 
 Rainfall data for year 100 
      85.83            1           1.08 
 -------------------------------------------------------------------- 
 Rainfall data for year 100 
      85.83            6           2.01 
 -------------------------------------------------------------------- 
 Rainfall data for year 100 
      85.83           24           3.43 
 -------------------------------------------------------------------- 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 
 ******** Area-averaged max loss rate, Fm ******** 
 
 
 SCS curve  SCS curve     Area     Area     Fp(Fig C6)    Ap      Fm 
 No.(AMCII) NO.(AMC 3)    (Ac.)    Fraction     (In/Hr)  (dec.)   (In/Hr) 
  46.0      66.0         59.26      0.690     0.593    0.767    0.455 
  77.0      92.2         26.57      0.310     0.151    0.767    0.116 
 
 Area-averaged adjusted loss rate Fm (In/Hr) =  0.350 
 
 ********* Area-Averaged low loss rate fraction, Yb ********** 
 



 Area       Area          SCS CN    SCS CN      S     Pervious 
  (Ac.)      Fract         (AMC2)    (AMC3)           Yield Fr 
     45.45   0.530         46.0      66.0       5.15     0.222 
     13.81   0.161         98.0      98.0       0.20     0.932 
 
     20.38   0.237         77.0      92.2       0.85     0.755 
      6.19   0.072         98.0      98.0       0.20     0.932 
 
 Area-averaged catchment yield fraction, Y =  0.514 
 Area-averaged low loss fraction, Yb =  0.486 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Watercourse length =    4521.00(Ft.) 
 Length from concentration point to centroid =    2124.00(Ft.) 
 Elevation difference along watercourse =      59.00(Ft.) 
 Mannings friction factor along watercourse =  0.033 
 Watershed area =      85.83(Ac.) 
 Catchment Lag time =   0.236 hours 
 Unit interval =   5.000 minutes 
 Unit interval percentage of lag time = 35.2578 
 Hydrograph baseflow =     0.00(CFS) 
 Average maximum watershed loss rate(Fm) =  0.350(In/Hr) 
 Average low loss rate fraction (Yb) = 0.486 (decimal) 
 DESERT S-Graph Selected 
 Computed peak 5-minute rainfall =  0.512(In) 
 Computed peak 30-minute rainfall =  0.877(In) 
 Specified peak 1-hour rainfall =  1.080(In) 
 Computed peak 3-hour rainfall =  1.581(In) 
 Specified peak 6-hour rainfall =  2.010(In) 
 Specified peak 24-hour rainfall =  3.430(In) 
 
 
 Rainfall depth area reduction factors: 
 Using a total area of      85.83(Ac.) (Ref: fig. E-4) 
 
 5-minute factor = 0.996     Adjusted rainfall =  0.510(In) 
 30-minute factor = 0.996    Adjusted rainfall =  0.874(In) 
 1-hour factor = 0.996       Adjusted rainfall =  1.076(In) 
 3-hour factor = 0.999       Adjusted rainfall =  1.580(In) 
 6-hour factor = 1.000       Adjusted rainfall =  2.009(In) 
 24-hour factor = 1.000      Adjusted rainfall =  3.430(In) 
 --------------------------------------------------------------------- 
 
    U n i t  H y d r o g r a p h  
 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Interval          'S' Graph          Unit Hydrograph 
 Number            Mean values             ((CFS)) 
 --------------------------------------------------------------------- 
   (K =      1038.01 (CFS)) 
 
   1                2.258                  23.441 
   2               13.641                 118.149 
   3               41.424                 288.396 
   4               60.328                 196.226 
   5               70.443                 104.987 
   6               77.196                  70.099 
   7               81.989                  49.757 
   8               85.673                  38.232 
   9               88.590                  30.285 
  10               90.753                  22.450 
  11               92.561                  18.762 
  12               94.065                  15.614 
  13               95.277                  12.579 
  14               96.275                  10.368 



  15               97.098                   8.534 
  16               97.714                   6.401 
  17               98.118                   4.186 
  18               98.504                   4.013 
  19               98.927                   4.392 
  20               99.348                   4.369 
  21               99.642                   3.054 
  22               99.863                   2.287 
  23              100.000                   1.424 
 --------------------------------------------------------------------- 
 -------------------------------------------------------------------- 
 -------------------------------------------------------------------- 
 Total soil rain loss =      1.41(In) 
 Total effective rainfall =      2.02(In) 
 Peak flow rate in flood hydrograph =    172.26(CFS) 
 --------------------------------------------------------------------- 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
                     24 - H O U R    S T O R M 
                R u n o f f      H y d r o g r a p h 
 -------------------------------------------------------------------- 
             Hydrograph in   5   Minute intervals ((CFS)) 
 
 -------------------------------------------------------------------- 
  Time(h+m) Volume Ac.Ft   Q(CFS)  0       50.0     100.0     150.0     200.0 
  ----------------------------------------------------------------------- 
    0+ 5       0.0004      0.06  Q         |         |         |         |  
    0+10       0.0027      0.33  Q         |         |         |         |  
    0+15       0.0097      1.02  Q         |         |         |         |  
    0+20       0.0199      1.48  Q         |         |         |         |  
    0+25       0.0319      1.74  Q         |         |         |         |  
    0+30       0.0450      1.91  Q         |         |         |         |  
    0+35       0.0590      2.03  Q         |         |         |         |  
    0+40       0.0737      2.13  Q         |         |         |         |  
    0+45       0.0889      2.21  Q         |         |         |         |  
    0+50       0.1045      2.27  Q         |         |         |         |  
    0+55       0.1204      2.32  Q         |         |         |         |  
    1+ 0       0.1367      2.36  Q         |         |         |         |  
    1+ 5       0.1533      2.40  Q         |         |         |         |  
    1+10       0.1700      2.43  Q         |         |         |         |  
    1+15       0.1870      2.46  Q         |         |         |         |  
    1+20       0.2041      2.49  Q         |         |         |         |  
    1+25       0.2214      2.50  Q         |         |         |         |  
    1+30       0.2387      2.52  Q         |         |         |         |  
    1+35       0.2562      2.54  Q         |         |         |         |  
    1+40       0.2739      2.56  Q         |         |         |         |  
    1+45       0.2916      2.58  Q         |         |         |         |  
    1+50       0.3095      2.59  Q         |         |         |         |  
    1+55       0.3274      2.60  Q         |         |         |         |  
    2+ 0       0.3454      2.61  Q         |         |         |         |  
    2+ 5       0.3634      2.62  QV        |         |         |         |  
    2+10       0.3816      2.63  QV        |         |         |         |  
    2+15       0.3998      2.64  QV        |         |         |         |  
    2+20       0.4180      2.65  QV        |         |         |         |  
    2+25       0.4363      2.66  QV        |         |         |         |  
    2+30       0.4547      2.67  QV        |         |         |         |  
    2+35       0.4732      2.68  QV        |         |         |         |  
    2+40       0.4917      2.69  QV        |         |         |         |  
    2+45       0.5103      2.70  QV        |         |         |         |  
    2+50       0.5290      2.71  QV        |         |         |         |  
    2+55       0.5477      2.72  QV        |         |         |         |  
    3+ 0       0.5665      2.73  QV        |         |         |         |  
    3+ 5       0.5854      2.74  QV        |         |         |         |  
    3+10       0.6043      2.75  QV        |         |         |         |  



    3+15       0.6234      2.76  QV        |         |         |         |  
    3+20       0.6425      2.77  QV        |         |         |         |  
    3+25       0.6617      2.78  QV        |         |         |         |  
    3+30       0.6809      2.80  QV        |         |         |         |  
    3+35       0.7002      2.81  QV        |         |         |         |  
    3+40       0.7196      2.82  QV        |         |         |         |  
    3+45       0.7391      2.83  Q V       |         |         |         |  
    3+50       0.7587      2.84  Q V       |         |         |         |  
    3+55       0.7783      2.85  Q V       |         |         |         |  
    4+ 0       0.7981      2.86  Q V       |         |         |         |  
    4+ 5       0.8179      2.88  Q V       |         |         |         |  
    4+10       0.8378      2.89  Q V       |         |         |         |  
    4+15       0.8577      2.90  Q V       |         |         |         |  
    4+20       0.8778      2.91  Q V       |         |         |         |  
    4+25       0.8979      2.92  Q V       |         |         |         |  
    4+30       0.9182      2.94  Q V       |         |         |         |  
    4+35       0.9385      2.95  Q V       |         |         |         |  
    4+40       0.9589      2.96  Q V       |         |         |         |  
    4+45       0.9794      2.98  Q V       |         |         |         |  
    4+50       1.0000      2.99  Q V       |         |         |         |  
    4+55       1.0206      3.00  Q V       |         |         |         |  
    5+ 0       1.0414      3.02  Q V       |         |         |         |  
    5+ 5       1.0623      3.03  Q V       |         |         |         |  
    5+10       1.0832      3.04  Q V       |         |         |         |  
    5+15       1.1043      3.06  Q  V      |         |         |         |  
    5+20       1.1254      3.07  Q  V      |         |         |         |  
    5+25       1.1467      3.09  Q  V      |         |         |         |  
    5+30       1.1680      3.10  Q  V      |         |         |         |  
    5+35       1.1895      3.11  Q  V      |         |         |         |  
    5+40       1.2111      3.13  Q  V      |         |         |         |  
    5+45       1.2327      3.14  Q  V      |         |         |         |  
    5+50       1.2545      3.16  Q  V      |         |         |         |  
    5+55       1.2763      3.18  Q  V      |         |         |         |  
    6+ 0       1.2983      3.19  Q  V      |         |         |         |  
    6+ 5       1.3204      3.21  Q  V      |         |         |         |  
    6+10       1.3426      3.22  Q  V      |         |         |         |  
    6+15       1.3649      3.24  Q  V      |         |         |         |  
    6+20       1.3873      3.26  Q  V      |         |         |         |  
    6+25       1.4099      3.27  Q  V      |         |         |         |  
    6+30       1.4325      3.29  Q  V      |         |         |         |  
    6+35       1.4553      3.31  Q   V     |         |         |         |  
    6+40       1.4782      3.32  Q   V     |         |         |         |  
    6+45       1.5012      3.34  Q   V     |         |         |         |  
    6+50       1.5243      3.36  Q   V     |         |         |         |  
    6+55       1.5476      3.38  Q   V     |         |         |         |  
    7+ 0       1.5709      3.39  Q   V     |         |         |         |  
    7+ 5       1.5944      3.41  Q   V     |         |         |         |  
    7+10       1.6181      3.43  Q   V     |         |         |         |  
    7+15       1.6419      3.45  Q   V     |         |         |         |  
    7+20       1.6658      3.47  Q   V     |         |         |         |  
    7+25       1.6898      3.49  Q   V     |         |         |         |  
    7+30       1.7140      3.51  Q   V     |         |         |         |  
    7+35       1.7383      3.53  Q   V     |         |         |         |  
    7+40       1.7628      3.55  Q   V     |         |         |         |  
    7+45       1.7874      3.57  Q   V     |         |         |         |  
    7+50       1.8121      3.59  Q    V    |         |         |         |  
    7+55       1.8370      3.62  Q    V    |         |         |         |  
    8+ 0       1.8621      3.64  Q    V    |         |         |         |  
    8+ 5       1.8873      3.66  Q    V    |         |         |         |  
    8+10       1.9127      3.68  Q    V    |         |         |         |  
    8+15       1.9382      3.71  Q    V    |         |         |         |  
    8+20       1.9639      3.73  Q    V    |         |         |         |  
    8+25       1.9897      3.75  Q    V    |         |         |         |  



    8+30       2.0157      3.78  Q    V    |         |         |         |  
    8+35       2.0419      3.80  Q    V    |         |         |         |  
    8+40       2.0683      3.83  Q    V    |         |         |         |  
    8+45       2.0948      3.85  Q    V    |         |         |         |  
    8+50       2.1215      3.88  Q    V    |         |         |         |  
    8+55       2.1484      3.91  Q    V    |         |         |         |  
    9+ 0       2.1755      3.93  Q     V   |         |         |         |  
    9+ 5       2.2028      3.96  Q     V   |         |         |         |  
    9+10       2.2303      3.99  Q     V   |         |         |         |  
    9+15       2.2579      4.02  Q     V   |         |         |         |  
    9+20       2.2858      4.05  Q     V   |         |         |         |  
    9+25       2.3138      4.08  Q     V   |         |         |         |  
    9+30       2.3421      4.10  Q     V   |         |         |         |  
    9+35       2.3706      4.14  Q     V   |         |         |         |  
    9+40       2.3993      4.17  Q     V   |         |         |         |  
    9+45       2.4282      4.20  Q     V   |         |         |         |  
    9+50       2.4574      4.23  Q     V   |         |         |         |  
    9+55       2.4867      4.27  Q     V   |         |         |         |  
   10+ 0       2.5164      4.30  Q     V   |         |         |         |  
   10+ 5       2.5462      4.33  Q      V  |         |         |         |  
   10+10       2.5763      4.37  Q      V  |         |         |         |  
   10+15       2.6066      4.41  Q      V  |         |         |         |  
   10+20       2.6372      4.44  Q      V  |         |         |         |  
   10+25       2.6681      4.48  Q      V  |         |         |         |  
   10+30       2.6992      4.52  Q      V  |         |         |         |  
   10+35       2.7306      4.56  Q      V  |         |         |         |  
   10+40       2.7623      4.60  Q      V  |         |         |         |  
   10+45       2.7943      4.64  Q      V  |         |         |         |  
   10+50       2.8265      4.68  Q      V  |         |         |         |  
   10+55       2.8591      4.73  Q      V  |         |         |         |  
   11+ 0       2.8920      4.77  Q       V |         |         |         |  
   11+ 5       2.9252      4.82  Q       V |         |         |         |  
   11+10       2.9587      4.87  Q       V |         |         |         |  
   11+15       2.9925      4.91  Q       V |         |         |         |  
   11+20       3.0267      4.96  Q       V |         |         |         |  
   11+25       3.0612      5.01  |Q      V |         |         |         |  
   11+30       3.0961      5.07  |Q      V |         |         |         |  
   11+35       3.1314      5.12  |Q      V |         |         |         |  
   11+40       3.1670      5.18  |Q      V |         |         |         |  
   11+45       3.2031      5.23  |Q      V |         |         |         |  
   11+50       3.2395      5.29  |Q      V |         |         |         |  
   11+55       3.2764      5.35  |Q       V|         |         |         |  
   12+ 0       3.3136      5.41  |Q       V|         |         |         |  
   12+ 5       3.3513      5.47  |Q       V|         |         |         |  
   12+10       3.3889      5.46  |Q       V|         |         |         |  
   12+15       3.4259      5.37  |Q       V|         |         |         |  
   12+20       3.4627      5.33  |Q       V|         |         |         |  
   12+25       3.4995      5.35  |Q       V|         |         |         |  
   12+30       3.5365      5.38  |Q       V|         |         |         |  
   12+35       3.5739      5.43  |Q       V|         |         |         |  
   12+40       3.6117      5.49  |Q       V|         |         |         |  
   12+45       3.6499      5.55  |Q        V         |         |         |  
   12+50       3.6887      5.62  |Q        V         |         |         |  
   12+55       3.7279      5.70  |Q        V         |         |         |  
   13+ 0       3.7677      5.78  |Q        V         |         |         |  
   13+ 5       3.8081      5.87  |Q        V         |         |         |  
   13+10       3.8492      5.96  |Q        V         |         |         |  
   13+15       3.8909      6.06  |Q        V         |         |         |  
   13+20       3.9334      6.16  |Q        V         |         |         |  
   13+25       3.9766      6.28  |Q        |V        |         |         |  
   13+30       4.0206      6.39  |Q        |V        |         |         |  
   13+35       4.0654      6.51  |Q        |V        |         |         |  
   13+40       4.1112      6.64  |Q        |V        |         |         |  



   13+45       4.1578      6.78  |Q        |V        |         |         |  
   13+50       4.2054      6.92  |Q        |V        |         |         |  
   13+55       4.2541      7.07  |Q        |V        |         |         |  
   14+ 0       4.3039      7.23  |Q        |V        |         |         |  
   14+ 5       4.3549      7.40  |Q        | V       |         |         |  
   14+10       4.4072      7.59  |Q        | V       |         |         |  
   14+15       4.4609      7.81  |Q        | V       |         |         |  
   14+20       4.5162      8.02  |Q        | V       |         |         |  
   14+25       4.5730      8.26  |Q        | V       |         |         |  
   14+30       4.6315      8.49  |Q        | V       |         |         |  
   14+35       4.6919      8.76  |Q        | V       |         |         |  
   14+40       4.7541      9.03  |Q        |  V      |         |         |  
   14+45       4.8184      9.35  |Q        |  V      |         |         |  
   14+50       4.8850      9.67  |Q        |  V      |         |         |  
   14+55       4.9542     10.04  | Q       |  V      |         |         |  
   15+ 0       5.0261     10.43  | Q       |  V      |         |         |  
   15+ 5       5.1010     10.89  | Q       |   V     |         |         |  
   15+10       5.1794     11.37  | Q       |   V     |         |         |  
   15+15       5.2617     11.95  | Q       |   V     |         |         |  
   15+20       5.3483     12.57  | Q       |   V     |         |         |  
   15+25       5.4397     13.27  | Q       |    V    |         |         |  
   15+30       5.5350     13.84  | Q       |    V    |         |         |  
   15+35       5.6329     14.21  | Q       |    V    |         |         |  
   15+40       5.7357     14.94  | Q       |    V    |         |         |  
   15+45       5.8476     16.24  |  Q      |     V   |         |         |  
   15+50       5.9717     18.02  |  Q      |     V   |         |         |  
   15+55       6.1170     21.10  |   Q     |     V   |         |         |  
   16+ 0       6.3049     27.28  |    Q    |      V  |         |         |  
   16+ 5       6.6453     49.43  |        Q|       V |         |         |  
   16+10       7.3457    101.69  |         |         Q         |         |  
   16+15       8.5321    172.26  |         |         |  V      |   Q     |  
   16+20       9.3921    124.88  |         |         |   QV    |         |  
   16+25       9.9305     78.17  |         |    Q    |      V  |         |  
   16+30      10.3278     57.68  |         |Q        |       V |         |  
   16+35      10.6409     45.47  |        Q|         |        V|         |  
   16+40      10.9009     37.75  |      Q  |         |         V         |  
   16+45      11.1210     31.95  |     Q   |         |         V         |  
   16+50      11.3048     26.69  |    Q    |         |         |V        |  
   16+55      11.4667     23.51  |   Q     |         |         |V        |  
   17+ 0      11.6099     20.79  |   Q     |         |         | V       |  
   17+ 5      11.7360     18.30  |  Q      |         |         | V       |  
   17+10      11.8483     16.31  |  Q      |         |         | V       |  
   17+15      11.9485     14.56  | Q       |         |         |  V      |  
   17+20      12.0368     12.81  | Q       |         |         |  V      |  
   17+25      12.1142     11.24  | Q       |         |         |  V      |  
   17+30      12.1877     10.67  | Q       |         |         |  V      |  
   17+35      12.2591     10.37  | Q       |         |         |  V      |  
   17+40      12.3269      9.86  |Q        |         |         |   V     |  
   17+45      12.3877      8.82  |Q        |         |         |   V     |  
   17+50      12.4430      8.03  |Q        |         |         |   V     |  
   17+55      12.4928      7.24  |Q        |         |         |   V     |  
   18+ 0      12.5362      6.30  |Q        |         |         |   V     |  
   18+ 5      12.5779      6.06  |Q        |         |         |   V     |  
   18+10      12.6186      5.90  |Q        |         |         |   V     |  
   18+15      12.6589      5.86  |Q        |         |         |    V    |  
   18+20      12.6988      5.79  |Q        |         |         |    V    |  
   18+25      12.7379      5.68  |Q        |         |         |    V    |  
   18+30      12.7762      5.56  |Q        |         |         |    V    |  
   18+35      12.8137      5.45  |Q        |         |         |    V    |  
   18+40      12.8505      5.33  |Q        |         |         |    V    |  
   18+45      12.8864      5.22  |Q        |         |         |    V    |  
   18+50      12.9217      5.12  |Q        |         |         |    V    |  
   18+55      12.9563      5.02  |Q        |         |         |    V    |  



   19+ 0      12.9902      4.92  Q         |         |         |    V    |  
   19+ 5      13.0234      4.83  Q         |         |         |     V   |  
   19+10      13.0561      4.74  Q         |         |         |     V   |  
   19+15      13.0882      4.66  Q         |         |         |     V   |  
   19+20      13.1197      4.58  Q         |         |         |     V   |  
   19+25      13.1507      4.50  Q         |         |         |     V   |  
   19+30      13.1811      4.42  Q         |         |         |     V   |  
   19+35      13.2111      4.35  Q         |         |         |     V   |  
   19+40      13.2406      4.28  Q         |         |         |     V   |  
   19+45      13.2697      4.22  Q         |         |         |     V   |  
   19+50      13.2983      4.16  Q         |         |         |     V   |  
   19+55      13.3265      4.09  Q         |         |         |     V   |  
   20+ 0      13.3543      4.03  Q         |         |         |     V   |  
   20+ 5      13.3816      3.98  Q         |         |         |      V  |  
   20+10      13.4087      3.92  Q         |         |         |      V  |  
   20+15      13.4353      3.87  Q         |         |         |      V  |  
   20+20      13.4616      3.82  Q         |         |         |      V  |  
   20+25      13.4875      3.77  Q         |         |         |      V  |  
   20+30      13.5131      3.72  Q         |         |         |      V  |  
   20+35      13.5384      3.67  Q         |         |         |      V  |  
   20+40      13.5634      3.63  Q         |         |         |      V  |  
   20+45      13.5881      3.58  Q         |         |         |      V  |  
   20+50      13.6125      3.54  Q         |         |         |      V  |  
   20+55      13.6366      3.50  Q         |         |         |      V  |  
   21+ 0      13.6604      3.46  Q         |         |         |      V  |  
   21+ 5      13.6840      3.42  Q         |         |         |      V  |  
   21+10      13.7073      3.39  Q         |         |         |      V  |  
   21+15      13.7304      3.35  Q         |         |         |      V  |  
   21+20      13.7532      3.31  Q         |         |         |       V |  
   21+25      13.7758      3.28  Q         |         |         |       V |  
   21+30      13.7981      3.25  Q         |         |         |       V |  
   21+35      13.8202      3.21  Q         |         |         |       V |  
   21+40      13.8422      3.18  Q         |         |         |       V |  
   21+45      13.8639      3.15  Q         |         |         |       V |  
   21+50      13.8853      3.12  Q         |         |         |       V |  
   21+55      13.9066      3.09  Q         |         |         |       V |  
   22+ 0      13.9277      3.06  Q         |         |         |       V |  
   22+ 5      13.9486      3.03  Q         |         |         |       V |  
   22+10      13.9693      3.01  Q         |         |         |       V |  
   22+15      13.9899      2.98  Q         |         |         |       V |  
   22+20      14.0102      2.95  Q         |         |         |       V |  
   22+25      14.0304      2.93  Q         |         |         |       V |  
   22+30      14.0504      2.90  Q         |         |         |       V |  
   22+35      14.0702      2.88  Q         |         |         |       V |  
   22+40      14.0899      2.86  Q         |         |         |       V |  
   22+45      14.1094      2.83  Q         |         |         |        V|  
   22+50      14.1288      2.81  Q         |         |         |        V|  
   22+55      14.1480      2.79  Q         |         |         |        V|  
   23+ 0      14.1670      2.77  Q         |         |         |        V|  
   23+ 5      14.1860      2.75  Q         |         |         |        V|  
   23+10      14.2047      2.72  Q         |         |         |        V|  
   23+15      14.2233      2.70  Q         |         |         |        V|  
   23+20      14.2418      2.68  Q         |         |         |        V|  
   23+25      14.2602      2.66  Q         |         |         |        V|  
   23+30      14.2784      2.64  Q         |         |         |        V|  
   23+35      14.2965      2.63  Q         |         |         |        V|  
   23+40      14.3144      2.61  Q         |         |         |        V|  
   23+45      14.3322      2.59  Q         |         |         |        V|  
   23+50      14.3499      2.57  Q         |         |         |        V|  
   23+55      14.3675      2.55  Q         |         |         |        V|  
   24+ 0      14.3850      2.54  Q         |         |         |        V|  
   24+ 5      14.4019      2.46  Q         |         |         |        V|  
   24+10      14.4169      2.17  Q         |         |         |        V|  



   24+15      14.4270      1.47  Q         |         |         |        V|  
   24+20      14.4339      1.00  Q         |         |         |        V|  
   24+25      14.4391      0.75  Q         |         |         |        V|  
   24+30      14.4430      0.58  Q         |         |         |        V|  
   24+35      14.4462      0.46  Q         |         |         |        V|  
   24+40      14.4487      0.36  Q         |         |         |        V|  
   24+45      14.4506      0.29  Q         |         |         |        V|  
   24+50      14.4522      0.23  Q         |         |         |        V|  
   24+55      14.4535      0.19  Q         |         |         |        V|  
   25+ 0      14.4546      0.15  Q         |         |         |        V|  
   25+ 5      14.4554      0.12  Q         |         |         |        V|  
   25+10      14.4560      0.09  Q         |         |         |        V|  
   25+15      14.4565      0.07  Q         |         |         |        V|  
   25+20      14.4569      0.06  Q         |         |         |        V|  
   25+25      14.4572      0.05  Q         |         |         |        V|  
   25+30      14.4575      0.04  Q         |         |         |        V|  
   25+35      14.4577      0.03  Q         |         |         |        V|  
   25+40      14.4578      0.02  Q         |         |         |        V|  
   25+45      14.4579      0.01  Q         |         |         |        V|  
   25+50      14.4579      0.00  Q         |         |         |         V  
----------------------------------------------------------------------- 
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CDS® 

Using patented continuous deflective separation technology, the 
CDS system screens, separates and traps debris, sediment, and 
oil and grease from stormwater runoff. The indirect screening 
capability of the system allows for 100% removal of floatables 
and neutrally buoyant material without blinding. Flow and 
screening controls physically separate captured solids, and 
minimize the re-suspension and release of previously trapped 
pollutants. Inline units can treat up to 6 cfs, and internally bypass 
flows in excess of 50 cfs (1416 L/s). Available precast or cast-in-
place, offline units can treat flows from 1 to 300 cfs (28.3 to 
8495 L/s). The pollutant removal capacity of the CDS system has 
been proven in lab and field testing. 

Operation Overview
Stormwater enters the diversion chamber where the diversion 
weir guides the flow into the unit’s separation chamber and 
pollutants are removed from the flow. All flows up to the 
system’s treatment design capacity enter the separation chamber 
and are treated.

Swirl concentration and screen deflection force floatables and 
solids to the center of the separation chamber where 100% of 
floatables and neutrally buoyant debris larger than the screen 
apertures are trapped.

Stormwater then moves through the separation screen, under 
the oil baffle and exits the system. The separation screen remains 
clog free due to continuous deflection.

During the flow events exceeding the treatment design capacity, 
the diversion weir bypasses excessive flows around the separation 
chamber, so captured pollutants are retained in the separation 
cylinder.

Design Basics
There are three primary methods of sizing a CDS system. The 
Water Quality Flow Rate Method determines which model size 
provides the desired removal efficiency at a given flow rate for a 
defined particle size. The Rational Rainfall Method™ or the and 
Probabilistic Method is used when a specific removal efficiency of 
the net annual sediment load is required.

Typically in the Unites States, CDS systems are designed to 
achieve an 80% annual solids load reduction based on lab 
generated performance curves for a gradation with an average 
particle size (d50) of 125 microns (μm). For some regulatory 
environments, CDS systems can also be designed to achieve an 
80% annual solids load reduction based on an average particle 
size (d50) of 75 microns (μm) or 50 microns (µm).

Water Quality Flow Rate Method
In some cases, regulations require that a specific treatment rate, 
often referred to as the water quality design flow (WQQ), be 
treated. This WQQ represents the peak flow rate from either 
an event with a specific recurrence interval, e.g. the six-month 
storm, or a water quality depth, e.g. 1/2-inch (13 mm)  of 
rainfall.

The CDS is designed to treat all flows up to the WQQ. At influent 
rates higher than the WQQ, the diversion weir will direct most 
flow exceeding the WQQ around the separation chamber. This 
allows removal efficiency to remain relatively constant in the 
separation chamber and eliminates the risk of washout during 
bypass flows regardless of influent flow rates.

Treatment flow rates are defined as the rate at which the CDS 
will remove a specific gradation of sediment at a specific removal 
efficiency. Therefore the treatment flow rate is variable, based 
on the gradation and removal efficiency specified by the design 
engineer.

Rational Rainfall Method™
Differences in local climate, topography and scale make every 
site hydraulically unique. It is important to take these factors into 
consideration when estimating the long-term performance of 
any stormwater treatment system. The Rational Rainfall Method 
combines site-specific information with laboratory generated 
performance data, and local historical precipitation records to 
estimate removal efficiencies as accurately as possible.

Short duration rain gauge records from across the United States 
and Canada were analyzed to determine the percent of the total 
annual rainfall that fell at a range of intensities. US stations’ 
depths were totaled every 15 minutes, or hourly, and recorded in 
0.01-inch increments. Depths were recorded hourly with 1-mm 
resolution at Canadian stations. One trend was consistent at 
all sites; the vast majority of precipitation fell at low intensities 
and high intensity storms contributed relatively little to the total 
annual depth.

These intensities, along with the total drainage area and runoff 
coefficient for each specific site, are translated into flow rates 
using the Rational Rainfall Method. Since most sites are relatively 
small and highly impervious, the Rational Rainfall Method is 
appropriate. Based on the runoff flow rates calculated for each 
intensity, operating rates within a proposed CDS system are 

GRATE INLET
(CAST IRON HOOD FOR
CURB INLET OPENING)

CREST OF BYPASS WEIR
(ONE EACH SIDE)

INLET
(MULTIPLE PIPES POSSIBLE)

OIL BAFFLE

SUMP STORAGESEPARATION SLAB

TREATMENT SCREEN

OUTLET

INLET FLUME

SEPARATION CYLINDER

CLEAN OUT
(REQUIRED)

DEFLECTION PAN, 3 SIDED
(GRATE INLET DESIGN)
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determined. Performance efficiency curve determined from full 
scale laboratory tests on defined sediment PSDs is applied to 
calculate solids removal efficiency. The relative removal efficiency 
at each operating rate is added to produce a net annual pollutant 
removal efficiency estimate.

Probabilistic Rational Method
The Probabilistic Rational Method is a sizing program Contech 
developed to estimate a net annual sediment load reduction for 
a particular CDS model based on site size, site runoff coefficient, 
regional rainfall intensity distribution, and anticipated pollutant 
characteristics.

The Probabilistic Method is an extension of the Rational Method 
used to estimate peak discharge rates generated by storm events 
of varying statistical return frequencies (e.g. 2-year storm event).  
Under the Rational Method, an adjustment factor is used to 
adjust the runoff coefficient estimated for the 10-year event, 
correlating a known hydrologic parameter with the target storm 
event.  The rainfall intensities vary depending on the return 
frequency of the storm event under consideration. In general, 
these two frequency dependent parameters (rainfall intensity 
and runoff coefficient) increase as the return frequency increases 
while the drainage area remains constant.

These intensities, along with the total drainage area and runoff 
coefficient for each specific site, are translated into flow rates 
using the Rational Method. Since most sites are relatively small 
and highly impervious, the Rational Method is appropriate. Based 
on the runoff flow rates calculated for each intensity, operating 
rates within a proposed CDS are determined. Performance 
efficiency curve on defined sediment PSDs is applied to calculate 
solids removal efficiency. The relative removal efficiency at each 
operating rate is added to produce a net annual pollutant 
removal efficiency estimate.

Treatment Flow Rate
The inlet throat area is sized to ensure that the WQQ passes 
through the separation chamber at a water surface elevation 
equal to the crest of the diversion weir. The diversion weir 
bypasses excessive flows around the separation chamber, 
thus preventing re-suspension or re-entrainment of previously 
captured particles.

Hydraulic Capacity
The hydraulic capacity of a CDS system is determined by the 
length and height of the diversion weir and by the maximum 
allowable head in the system. Typical configurations allow 
hydraulic capacities of up to ten times the treatment flow rate. 
The crest of the diversion weir may be lowered and the inlet 
throat may be widened to increase the capacity of the system 
at a given water surface elevation. The unit is designed to meet 
project specific hydraulic requirements.

Performance
Full-Scale Laboratory Test Results
A full-scale CDS system (Model CDS2020-5B) was tested at the 
facility of University of Florida, Gainesville, FL.  This CDS unit was 
evaluated under controlled laboratory conditions of influent flow 
rate and  addition of sediment.  

Two different gradations of silica sand material (UF Sediment 
& OK-110) were used in the CDS performance evaluation.  The 
particle size distributions (PSDs) of the test materials were 
analyzed using standard method “Gradation ASTM D-422 
“Standard Test Method for Particle-Size Analysis of Soils” by a 
certified laboratory. 

UF Sediment is a mixture of three different  products produced 
by the U.S. Silica Company: “Sil-Co-Sil 106”, “#1 DRY” and 
“20/40 Oil Frac”.  Particle size distribution analysis shows that 
the UF Sediment has a very fine gradation (d50 = 20 to 30 μm) 
covering a wide size range (Coefficient of Uniformity, C averaged 
at 10.6).  In comparison with the hypothetical TSS gradation 
specified in the NJDEP (New Jersey Department of Environmental 
Protection) and NJCAT (New Jersey Corporation for Advanced 
Technology) protocol for lab testing, the UF Sediment covers a 
similar range of particle size but with a finer d50 (d50 for NJDEP 
is approximately 50 μm) (NJDEP, 2003). 

The OK-110 silica sand is a commercial product of U.S. Silica 
Sand.  The particle size distribution analysis of this material, also 
included in Figure 1, shows that 99.9% of the OK-110 sand is 
finer than 250 microns, with a mean particle size (d50) of 106 
microns.  The PSDs for the test material are shown in Figure 1.

Figure 1. Particle size distributions

Tests were conducted to quantify the performance of a specific 
CDS unit (1.1 cfs (31.3-L/s) design capacity) at various flow rates, 
ranging from 1% up to 125% of the treatment design capacity of 
the unit, using the 2400 micron screen. All tests were conducted 
with controlled influent concentrations of approximately 200 
mg/L. Effluent samples were taken at equal time intervals 
across the entire duration of each test run.  These samples 
were then processed with a Dekaport Cone sample splitter to 
obtain representative sub-samples for Suspended Sediment 
Concentration (SSC) testing using ASTM D3977-97 “Standard 
Test Methods for Determining Sediment Concentration in Water 
Samples”, and particle size distribution analysis.  

Results and Modeling
Based on the data from the University of Florida, a performance 
model was developed for the CDS system.  A regression analysis 
was used to develop a fitting curve representative of the 
scattered data points at various design flow rates. This model, 
which demonstrated good agreement with the laboratory data, 
can then be used to predict CDS system performance with respect 
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to SSC removal for any particle size gradation, assuming the 
particles are inorganic sandy-silt.  Figure 2 shows CDS predictive 
performance for two typical particle size gradations (NJCAT 
gradation and OK-110 sand) as a function of operating rate. 

Figure 2. CDS stormwater treatment predictive performance for 
various particle gradations as a function of operating rate.  

Many regulatory jurisdictions set a performance standard for 
hydrodynamic devices by stating that the devices shall be capable 
of achieving an 80% removal efficiency for particles having a 
mean particle size (d50) of 125 microns (e.g. Washington State 
Department of Ecology — WASDOE - 2008).  The model can 
be used to calculate the expected performance of such a PSD 
(shown in Figure 3).  The model indicates (Figure 4) that the CDS 
system with 2400 micron screen achieves approximately 80% 
removal at the design (100%) flow rate, for this particle size 
distribution (d50 = 125 μm).

Figure 3.  WASDOE PSD 

Figure 4.  Modeled performance for WASDOE PSD.

Maintenance  
The CDS system should be inspected at regular intervals and 
maintained when necessary to ensure optimum performance.  
The rate at which the system collects pollutants will depend more 
heavily on site activities than the size of the unit. For example,  
unstable soils or heavy winter sanding will cause the grit chamber 
to fill more quickly but regular sweeping of paved surfaces will 
slow accumulation.  

Inspection  
Inspection is the key to effective maintenance and is easily 
performed.  Pollutant transport and deposition may vary from 
year to year and regular inspections will help ensure that the 
system is cleaned out at the appropriate time.  At a minimum, 
inspections should be performed twice per year (e.g. spring 
and fall) however more frequent inspections may be necessary 
in climates where winter sanding operations may lead to rapid 
accumulations, or in equipment washdown areas. Installations 
should also be inspected more frequently where excessive 
amounts of trash are expected.    

The visual inspection should ascertain that the system 
components are in working order and that there are no 
blockages or obstructions in the inlet and separation screen.  
The inspection should also quantify the accumulation of 
hydrocarbons, trash, and sediment in the system.  Measuring 
pollutant accumulation can be done with a calibrated dipstick, 
tape measure or other measuring instrument. If absorbent 
material is used for enhanced removal of hydrocarbons, the level 
of discoloration of the sorbent material should also be identified 
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during inspection. It is useful and often required as part of an 
operating permit to keep a record of each inspection.  A simple 
form for doing so is provided.  

Access to the CDS unit is typically achieved through two manhole 
access covers.  One opening allows for inspection and cleanout 
of the separation chamber (cylinder and screen) and isolated 
sump.  The other allows for inspection and cleanout of sediment 
captured and retained outside the screen.  For deep units, a 
single manhole access point would allows both sump cleanout 
and access outside the screen. 

The CDS system should be cleaned when the level of sediment 
has reached 75% of capacity in the isolated sump or when an 
appreciable level of hydrocarbons and trash has accumulated.  
If absorbent material is used, it should be replaced when 
significant discoloration has occurred.  Performance will not be 
impacted until 100% of the sump capacity is exceeded however 
it is recommended that the system be cleaned prior to that 
for easier removal of sediment.  The level of sediment is easily 
determined by measuring from finished grade down to the 
top of the sediment pile.  To avoid underestimating the level of 
sediment in the chamber, the measuring device must be lowered 
to the top of the sediment pile carefully.  Particles at the top of 
the pile typically offer less resistance to the end of the rod than 
consolidated particles toward the bottom of the pile.  Once this 
measurement is recorded, it should be compared to the as-built 
drawing for the unit to determine weather the height of the 
sediment pile off the bottom of the sump floor exceeds 75% of 
the total height of isolated sump. 

Cleaning 
Cleaning of a CDS systems should be done during dry weather 
conditions when no flow is entering the system. The use of a 
vacuum truck is generally the most effective and convenient 
method of removing pollutants from the system. Simply remove 
the manhole covers and insert the vacuum hose into the sump.  
The system should be completely drained down and the sump 
fully evacuated of sediment. The area outside the screen should 
also be cleaned out if pollutant build-up exists in this area.      

In installations where the risk of petroleum spills is small, liquid 
contaminants may not accumulate as quickly as sediment.  
However, the system should be cleaned out immediately in the 
event of an oil or gasoline spill. Motor oil and other hydrocarbons 
that accumulate on a more routine basis should be removed 
when an appreciable layer has been captured. To remove these 
pollutants, it may be preferable to use absorbent pads since they 
are usually less expensive to dispose than the oil/water emulsion 
that may be created by vacuuming the oily layer. Trash and debris 
can be netted out to separate it from the other pollutants.  The 
screen should be cleaned to ensure it is free of trash and debris.

Manhole covers should be securely seated following cleaning 
activities to prevent leakage of runoff into the system from above 
and also to ensure that proper safety precautions have been 
followed. Confined space entry procedures need to be followed 
if physical access is required. Disposal of all material removed 
from the CDS system should be done in accordance with local 
regulations. In many jurisdictions, disposal of the sediments may 
be handled in the same manner as the disposal of sediments 
removed from catch basins or deep sump manholes. Check your 
local regulations for specific requirements on disposal. 
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Note: To avoid underestimating the volume of sediment in the chamber, carefully lower the measuring device to the top of the 
sediment pile. Finer silty particles at the top of the pile may be more difficult to feel with a measuring stick. These finer particles 
typically offer less resistance to the end of the rod than larger particles toward the bottom of the pile.

CDS Model

Diameter
Distance from Water Surface 

to Top of Sediment Pile
Sediment Storage Capacity

ft m ft m y3 m3

CDS1515 3 0.9 3.0 0.9 0.5 0.4

CDS2015 4 1.2 3.0 0.9 0.9 0.7

CDS2015 5 1.5 3.0 0.9 1.3 1.0

CDS2020 5 1.5 3.5 1.1 1.3 1.0

CDS2025 5 1.5 4.0 1.2 1.3 1.0

CDS3020 6 1.8 4.0 1.2 2.1 1.6

CDS3025 6 1.8 4.0 1.2 2.1 1.6

CDS3030 6 1.8 4.6 1.4 2.1 1.6

CDS3035 6 1.8 5.0 1.5 2.1 1.6

CDS4030 8 2.4 4.6 1.4 5.6 4.3

CDS4040 8 2.4 5.7 1.7 5.6 4.3

CDS4045 8 2.4 6.2 1.9 5.6 4.3

CDS5640 10 3.0 6.3 1.9 8.7 6.7

CDS5653 10 3.0 7.7 2.3 8.7 6.7

CDS5668 10 3.0 9.3 2.8 8.7 6.7

CDS5678 10 3.0 10.3 3.1 8.7 6.7

Table 1: CDS Maintenance Indicators and Sediment Storage Capacities
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CDS Inspection & Maintenance Log

CDS Model:		  Location:	

		  Water	 Floatable	 Describe	
Maintenance

	

	 Date	 depth to	 Layer	 Maintenance	
Personnel

	 Comments

		  sediment1	 Thickness2	 Performed

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

1.	 The water depth to sediment is determined by taking two measurements with a stadia rod: one measurement from the manhole opening to the 
top of the sediment pile and the other from the manhole opening to the water surface.  If the difference between these measurements is less 
than the values listed in table 1 the system should be cleaned out.  Note: to avoid underestimating the volume of sediment in the chamber, 
the measuring device must be carefully lowered to the top of the sediment pile.

2.	 For optimum performance, the system should be cleaned out when the floating hydrocarbon layer accumulates to an appreciable thickness. In 
the event of an oil spill, the system should be cleaned immediately.



PWQMP Checklist 

Project Name:________________________________________________________________ 

Prepared For:  
Owner/Developer Name _______________________________________________________
Address_____________________________________________________________________
Street, City, State, ZIP__________________________________________________________ 
Phone Number _______________________________________________________________

Prepared By:  
Engineer Name _______________________________________________________________
RCE # _______________________________________________________________________
Engineering Firm Name ________________________________________________________
Address _____________________________________________________________________
City, State, ZIP ________________________________________________________________
Phone Number _______________________________________________________________

Project Description: ___________________________________________________________

Regulated Development Project Category: _________________________________________

 #1 New 
Development 
involving the 
creation of 5,000 ft2 
or more of 
impervious surface 
collectively over 
entire site. 

 #2 Significant 
redevelopment 
involving the 
addition or 
replacement of 
5,000 ft2 or more of 
impervious surface 
on an already 
developed site. 

 #3 Road Project 
– any road,
sidewalk, or bicycle
lane project that
creates greater than
5,000 ft2 of
contiguous
impervious surface.

 #4 LUPs – linear 
underground/overhead 
projects that has a 
discrete location with 
5,000 ft2 or more of 
new constructed 
impervious surface. 

Project Area (ft2):     

Project Type: (e.g. residential, commercial, industrial) 

Project Location:     
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Site Design Practices: 

Site Design Practices Checklist 
Site Design Practices 
If yes, explain how preventative site design practice is addressed in project site plan. If no, other LID BMPs must be selected to meet targets 

Minimize impervious areas: Yes    No 
Explanation:     

Maximize natural infiltration capacity; Including improvement and maintenance of soil: Yes  No 
Explanation:     

Preserve existing drainage patterns and time of concentration: Yes  No 
Explanation:     

Disconnect impervious areas. Including rerouting of rooftop drainage pipes to drain stormwater to storage or infiltration BMPs 
instead of to storm drain: Yes  No  
Explanation: 

Use of Porous Pavement:  Yes  No 
Explanation:     

Protect existing vegetation and sensitive areas: Yes  No 
Explanation:     

Re-vegetate disturbed areas. Including planting and preservation of drought tolerant vegetation: Yes  No 
Explanation:     

Minimize unnecessary compaction in stormwater retention/infiltration basin/trench areas: Yes  No 
Explanation:     

Utilize naturalized/rock-lined drainage swales in place of underground piping or imperviously lined swales: Yes  No 
Explanation:     

Stake off areas that will be used for landscaping to minimize compaction during construction: Yes  No 
Explanation:     

Use of Rain Barrels and Cisterns, Including the use of on-site water collection systems:   Yes  No 
Explanation:     

Stream Setbacks.  Includes a specified distance from an adjacent steam: Yes  No 
Explanation:     



LID Design Capture Volume: 

LID BMP Performance Criteria for Design Capture Volume
1 Project area DA 1 
(ft2): 

2 Imperviousness after applying preventative 
site design practices (Imp%):     

3 Runoff Coefficient (Rc):  _ 
Rc = 0.858(Imp%)^3-0.78(Imp%)^2+0.774(Imp%)+0.04 

4 Determine 1-hour rainfall depth for a 2-year return period P2yr-1hr (in):    http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html

5 Compute P6, Mean 6-hr Precipitation (inches):
P6 = Item 4 *C1, where C1 is a function of site climatic region specified in Form 3-1 Item 1 ( Desert = 1.2371)  

6 Drawdown Rate 
Use 48 hours as the default condition. Selection and use of the 24 hour drawdown time condition is subject to approval 
by the local jurisdiction. The necessary BMP footprint is a function of drawdown time. While shorter drawdown times 
reduce the performance criteria for LID BMP design capture volume, the depth of water that can be stored is also 
reduced. 

24-hrs 
48-hrs 

7 Compute design capture volume, DCV (ft3):
DCV = 1/12 * [Item 1* Item 3 *Item 5 * C2], where C2 is a function of drawdown rate (24-hr  = 1.582; 48-hr = 1.963)  
Compute separate DCV for each outlet from the project site per schematic drawn in Form 3-1 Item 2 

85%

0.661

0.359

0.444

37,606 (0.86 AF)

http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html


Infiltration BMP Feasibility: 

Infiltration BMP Feasibility 
Feasibility Criterion – Complete evaluation for each DA on the Project Site 

1 Would infiltration BMP pose significant risk for groundwater related concerns?             Yes   No 
Refer to Section 5.3.2.1 of the TGD for WQMP  

If Yes, Provide basis: (attach) 

2 Would installation of infiltration BMP significantly increase the risk of geotechnical hazards?                 Yes  No 
(Yes, if the answer to any of the following questions is yes, as established by a geotechnical expert): 
• The location is less than 50 feet away from slopes steeper than 15 percent
• The location is less than ten feet from building foundations or an alternative setback.
• A study certified by a geotechnical professional or an available watershed study determines that stormwater infiltration 

would result in significantly increased risks of geotechnical hazards.

If Yes, Provide basis: (attach) 

3 Would infiltration of runoff on a Project site violate downstream water rights? Yes  No 

If Yes, Provide basis: (attach) 

4 Is proposed infiltration facility located on hydrologic soil group (HSG) D soils or does the site geotechnical investigation indicate 
presence of soil characteristics, which support categorization as D soils?                                                                            Yes  No  

If Yes, Provide basis: (attach) 

5 Is the design infiltration rate, after accounting for safety factor of 2.0, below proposed facility less than 0.3 in/hr (accounting for 
soil amendments)?                                                                                                                                                                            Yes  No  

If Yes, Provide basis: (attach) 

6 Would on-site infiltration or reduction of runoff over pre-developed conditions be partially or fully inconsistent with watershed 
management strategies as defined in the WAP, or impair beneficial uses?                                                                           Yes  No  
See Section 3.5 of the TGD for WQMP and WAP 

If Yes, Provide basis: (attach) 

7 Any answer from Item 1 through Item 3 is “Yes”:                                                                                                                     Yes  No 
If yes, infiltration of any volume is not feasible onsite. Proceed to Form 4.3-4, Selection and Evaluation of Biotreatment BMP. 
If no, then proceed to Item 8 below. 
8 Any answer from Item 4 through Item 6 is “Yes”: Yes  No 
If yes, infiltration is permissible but is not required to be considered. Proceed to Form 4.3-2, Site Design BMP.  
If no, then proceed to Item 9, below. 

9 All answers to Item 1 through Item 6 are “No”:   
Infiltration of the full DCV is potentially feasible, LID infiltration BMP must be designed to infiltrate the full DCV to the MEP. 
Proceed to Form 4.3-2, Site Design BMPs. 



Infiltration BMPs: 

Note1: Class V Injection Wells (including underground infiltration systems) must be registered 
with the U.S. EPA Region 9’s Underground Injection Control (UIC) Program. 

Biotreatment BMPs: 

Selection of Infiltration BMPs 
Pre-treatment BMPs  

(required for infiltration) 
Infiltration BMPs  

 Catch Basin Filter Inserts 

 Vegetated Swale 

 Hydrodynamic Separator 

Filter Strip 

 Sedimentation Forebay 

 Other 

 Infiltration Basin 

 Infiltration Trench 

 Bioretention with no underdrain 

 Drywell1

 Underground Infiltration System1 

Selection of Biotreatment BMPs 

2 Biotreatment BMP Selected
(Select biotreatment BMP(s) 
necessary to ensure all pollutants of 
concern are addressed through Unit 
Operations and Processes, described 
in Table 5-5 of the TGD for WQMP) 

Volume-based biotreatment Flow-based biotreatment 

 Bioretention with underdrain 

 Planter box with underdrain 

 Constructed wetlands 

Wet extended detention 

 Dry extended detention 

 Vegetated swale 

Vegetated filter strip 

 Proprietary biotreatment 
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NORTHERN PL DRAINAGE CHANNEL
SECTION A-A

A

BC

NORTHERN PL DRAINAGE CHANNEL
SECTION B-B

BNORTHERN PL DRAINAGE CHANNEL
SECTION C-C

C

10.0'
10.0'

10.0'

G

SOUTHERN PL DRAINAGE CHANNEL
SECTION F-F

F

E

SOUTHERN PL DRAINAGE CHANNEL
SECTION E-E

E

PROPOSED 6"-INCH PCC CURB

PROPOSED  6-INCH PCC CURB & GUTTER

PROPOSED 16-INCH AWWA C900 PUBLIC WATER MAIN

PROPOSED 240' x8.5' M3500 ADS UNDERGROUND BASIN

PROPOSED 1-INCH WATER SERVICE 

PROPOSED 2424 JENSEN DROP INLET

PROPOSED 8-INCH SDR-35 STORM DRAIN PIPE

KEYNOTES:

PROPOSED 12-INCH SDR-35 STORM DRAIN PIPE

PROPOSED 10-INCH RPDA

PROPOSED 1-INCH LANDSCAPE WATER SERVICE PROPOSED  36-INCH RIBBON GUTTER

PROPOSED 10-INCH AWWA C900 PUBLIC WATER MAIN

PROPOSED OFF-SITE DRAINAGE CHANNEL

PROPOSED ON-SITE DRAINAGE CHANNEL

PROPOSED 6-INCH SDR -35 SANITARY SEWER PIPE

PROPOSED 4-INCH SDR -35 SANITARY SEWER CLEAN OUT

PROPOSED 6-INCH PUBLIC FIRE HYDRANT SERVICE

PROPOSED 6-INCH PRIVATE FIRE HYDRANT SERVICE

PROPOSED 15' ACCESS EASEMENT LIBERTY UTILITIES

PROPOSED DRAINAGE HEADWALL

PROPOSED 5Hx10W BOX CULVERT

F

D

SOUTHERN PL DRAINAGE CHANNEL
SECTION G-G

G

PROPOSED 5'-DIA CDS2020-5 CLARIFIER

12" WIDE STEPPING STRIP COMBINE W/ 6" CURB (18" WD. MONO POUR)

WESTERN PL DRAINAGE CHANNEL
SECTION D-DD
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	Project Name: Johnson Road 350,000 sq ft. Industrial building
	OwnerDeveloper Name: Simon Bouzzaglou/55555 Amargosa LLC
	Address: 5901 South Eastern Avenue
	Street City State ZIP: Commerce, CA 90040
	Phone Number: 323-423-3150
	Engineer Name: David W. Larson
	RCE: 052991
	Engineering Firm Name: Red Brick Solution
	Address_2: 2892 S. Kollman Lane
	City State ZIP: Saratoga Springs, UT. 84045
	Phone Number_2: 661-816-5179
	Project Description: After rd. decication 18.2 ac. with +/- 350,000 sq ft.  Industrial Bldg. w/associated parking, bays and Lmt'ed landscaping
	Regulated Development Project Category: Zoned: Industrial NAVISP, I-G
	Development: On
	redevelopment: Off
	any road: Off
	undergroundoverhead: Off
	Minimize impervious areas Yes No Explanation: On site channels will not be lined and are used as retention basins
	Maximize natural infiltration capacity Including improvement and maintenance of soil Yes No Explanation: 
	undefined_4: On
	Preserve existing drainage patterns and time of concentration Yes No Explanation: Off-site drainage will exit the site as historic native flows and on-site post-developed flows will be detained and exit the site at historic conveyance points.
	undefined_5: On
	undefined_6: Off
	Disconnect impervious areas Including rerouting of rooftop drainage pipes to drain stormwater to storage or infiltration BMPs: Off
	No: On
	Use of Porous Pavement Yes No Explanation: Due to high silt movement potential, porous pavement is not a viable solution in the high desert.
	undefined_7: Off
	undefined_8: On
	Protect existing vegetation and sensitive areas Yes No Explanation: There are no sensitive areas on the site and the existing desert vegetation is not conducive to this environment.
	undefined_9: Off
	undefined_10: On
	Revegetate disturbed areas Including planting and preservation of drought tolerant vegetation Yes No Explanation:  Landscape areas will be vegetated with drought tolerant vegetation.
	undefined_11: On
	undefined_12: Off
	Minimize unnecessary compaction in stormwater retentioninfiltration basintrench areas Yes No Explanation: The retention basin is located underneath the dock areas and will need to be compacted adequately to protect the pavement.
	undefined_13: Off
	undefined_14: On
	Utilize naturalizedrocklined drainage swales in place of underground piping or imperviously lined swales Yes No Explanation: Storm water conveyances are not alligned with the perimiter landscape areas.
	undefined_15: Off
	undefined_16: On
	Stake off areas that will be used for landscaping to minimize compaction during construction Yes No Explanation: Landscape areas will need trasition slopes that will be graded with heavy equipment.
	undefined_17: Off
	undefined_18: On
	Use of Rain Barrels and Cisterns Including the use of onsite water collection systems Yes No Explanation: The project is to large for such systems.
	undefined_19: Off
	undefined_20: On
	Stream Setbacks  Includes a specified distance from an adjacent steam Yes No Explanation: Project will be rerouting streams and returning them to their historic conveyances prior to leaving the site. 
	undefined_21: Off
	undefined_22: On
	1 Project area DA 1 ft2: 792,792
	24hrs: Off
	48hrs: On
	Infiltration BMP Feasibility: 
	Feasibility Criterion  Complete evaluation for each DA on the Project Site: 
	undefined_23: No_2
	If Yes Provide basis attach: 
	undefined_24: No_3
	If Yes Provide basis attach_2: 
	undefined_25: No_4
	If Yes Provide basis attach_3: 
	4 Is proposed infiltration facility located on hydrologic soil group HSG D soils or does the site geotechnical investigation indicate: No_5
	If Yes Provide basis attach_4: 
	5 Is the design infiltration rate after accounting for safety factor of 20 below proposed facility less than 03 inhr accounting for: No_6
	If Yes Provide basis attach_5: 
	6 Would onsite infiltration or reduction of runoff over predeveloped conditions be partially or fully inconsistent with watershed: No_7
	undefined_26: No_8
	If yes infiltration of any volume is not feasible onsite Proceed to Form 434 Selection and Evaluation of Biotreatment BMP: No_9
	Infiltration BMPs: Retention basin
	Catch Basin Filter Inserts Vegetated Swale Hydrodynamic Separator Filter Strip Sedimentation Forebay Other: Old castle drop inlet filters. 
	Catch Basin Filter Inserts: On
	Vegetated Swale: Off
	Hydrodynamic Separator: Off
	Filter Strip: Off
	Sedimentation Forebay: Off
	Infiltration Basin Infiltration Trench Bioretention with no underdrain Drywell1 Underground Infiltration System1: 
	Infiltration Basin: On
	Infiltration Trench: Off
	Bioretention with no underdrain: Off
	Drywell1: Off
	Underground Infiltration System1: Off
	Volumebased biotreatment: NA
	Flowbased biotreatment: NA
	Bioretention with underdrain: Off
	Planter box with underdrain: Off
	Constructed wetlands: Off
	Wet extended detention: Off
	Dry extended detention: Off
	Vegetated swale Vegetated filter strip Proprietary biotreatment: N/A
	Vegetated swale: Off
	Vegetated filter strip: Off
	Proprietary biotreatment: Off
	Check Box5: Yes
	Check Box6: Off
	Check Box7: Off


